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Figure 4. Zeolite weight percent contours over the same area as Figure 3 using

interpolated data referenced in Carey, et al. (1997) in the lower portion of the
Calico Hills Formation.
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Variably Saturated Flow Paths Below the Repository
& Sorption of Radionuclides by Zeolites

Flow and transport below the repository will be through or around the vitric and zeolitic horizons
of the basal Topopah Springs Tuff, the Calico Hills Formation, and the upper Prow Pass Tuff.
The nature of the flow paths are highly uncertain due to sparse data on the lateral and vertical
variations in zeolitic alteration. The current conceptual model is that flow will bypass the zeolite
horizons and will flow through the matrix of the non-welded vitric horizons and through fracture
systems. Flow through the vitric horizons may be uniform or may be non-uniform as fingers of
flow in high conductivity zones in this heterogeneous unit. The nature of the thinly intercalated
layers in the vitric and zeolitic horizons may alter the conceptualization of flow. The degree to
which radionuclides contact the zeolite minerals is dependent on the flow paths. In this
conceptualization of flow, the predominant contact of radionuclides with zeolites will occur in
slighitly altered vitric horizons. Minimal contact will occur along fractures. The definition of
“slightly” is on the order of 5 wt. % zeolite but this is an unsupported approximation and must be
studied further. Currently, DOE uses 10% as a delineation between non-altered, vitric and
zeolitically altered for modifying hydraulic parameters in the LBNL UZ flow model. An additional
area requiring further work is the relationship of sorption coefficients with weight percent zeolite.

Lateral continuity of the zeolites is expected along the stratigraphic nonwelded, vitric units
below the repository. Based on x-ray diffraction data, the zeolite weight percent ranges from 0
to the mid-80s. A large portion of the zeolites are postulated to have formed as alteration from
warm fluids under saturated conditions; implying both a thermal event and perched or water
table conditions. A small amount of the zeolites may be primary in origin (at G-3 for example).
The zeolites have been identified as clinoptilolite, mordenite, heulandite, chabazite, erionite,
and stellerite.

Aithough lateral continuity is expected due to the postulated origin for the alteration, there is a
complex interstratification of zeolite alteration and glass with highly variable profiles between
cores and thinly intercalated layering within a cores. This gives rise to the notion that the vitric
and zeolitic horizons are broadly overlapping. Faulting that post-dates the zeolite alteration
lends itself to the complexity.

LANL has 1503 x-ray measurements at 21 boreholes, 18 of which cross the vitric and zeolitic
horizons near the Calico Hills Formation. The units of interest, based on the nomenclature of
Buesch et al. (1995), are:

Tpvpt2

Tpvptl

Tpbt1

Tac

Tacbt

Tep (which in the GFM3.0 is subdivided into Prowuv, Prowuc, Prowmd, Prowlc, Prowlv)

Tcpbt
Of primary interest are the vitric units above the current water table. Generally speaking, the
water tabie intersects the Tac unit (in the Calico Hills Formation) in the northwest portion of the
repository vicinity and intersects the Tcp unit (in the Prow Pass Tuff) in the south and
southeast.
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Wells for which there is x-ray data on zeolites

UE-25a#1 G-1 SD-7
UE-25b#1 G2 SD-9
UE-25p# G-3/GU-3  SD-12
UZi14 G-4 WT-1
UZ#16 H-3 . WT-2
H-4 NRG7/7a
H-5
H-6

The wells in bold type are in near vicinity to the repository footprint, or immediately down-
gradient if lateral flow is incorporated. Mineralogic logs or in other logs such as for resistivity
may yield useful information, however, the extent and availability is not known. There may other
data measured on cores or in the boreholes that could help delineate the mineralogic section.
DOE/M&O contacts for the type of information availability include Robert Clayton (M&O), Chris
Rautman (SNL), Bill Carey (LANL), or Steven Chipera (LANL). Pertinent documents for the
mineralogic modeling are Loeven (1993), Moyer and Geslin (1995), Carey et al. (1997), Chipera
et al. (1997), and Bussod et al. (1997). Pertinent hydrologic modeling reports that address the
incorporation of the mineralogic data into unsaturated flow and transport models are
Bodvarsson et al. (1997) and Robinson et al. (1997).

An additional concern is that there is a possibility that the sampling strategy for the zeolites was
a biased scheme (purposely focusing on the horizons that appeared to be altered). Thus,
correlating the mineralogic logging with the zeolite data will probably be necessary to separate
the vitric from the altered aggregate thicknesses.

Other wells in the vicinity of the repository may yield information on the aggregate thickness of
the vitric, non-welded units in the unsaturated zone below the repository even if there were no
associated x-ray data.

Summary

The first step is to develop a detailed characterization of the stratigraphic units described above
and correlation with the zeolite data. The PA group needs an aggregate thickness of the vitric
horizons below each repository subarea. The next step will be to refine the conceptual model of
flow and to apportion the flow into matrix and fracture components. The last step will be to
identify appropriate sorption coefficient values for the vitric horizons, which include zones with a
small amount of zeolites. We already have the zeolite weight percent data, both the actual data
from core samples and the interpolated data from Los Alamos National Laboratory.
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Borehole Geology Rpt  Obtained Geohydrology Obtained ﬂg /

UE-25a#1 Spengler 1979 v/

UE-25b#1 Lobmeyer 1983 v/
UE-25p#1 Carr 1986 v/ Craig 1984/Lahood 1984 v
UZ#14

UZ#16

G-1

G-2 - Maldonado 1983 v

G-3/GU-3 Scott 1984

G-4 Spengler 1984 v Lobmeyer 1986 v/
H-3 Thordarson 1985 v/
H-4 Whitfield 1985/Erickson 1985
H-5 Bentley 1983 v
H-6 Craig 1991 v/
SD-7 Rautman 1996 v O’Brien 1997 v
SD-9 Moyer 1994

SD-12 Rautman 1996 v

WT-1 Spengler 1993

WT-2 Spengler 1993

NRG7/7A (into CHn but not to water table)

Boreholes in bold are near the repository footprint
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Geological Survey Open-File Report 83-732. 83 p.  GS930208314211.008
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Well locations in Nevada State Plane 1996 or Loeven (1993)
Easting(ft) Northing(ft) Elev(ft) Well Name Potentiometric Surface (m)
566350 764900 3932.8 UE-25a#1 728.8 CHn

571485 765171 3655.0 UE-25p#1
564888 760535 4000.6 UZ#16

560282 771506 4429.1 UZ#14

561000 770477  4348.6 G-1 754.2 Prow Pass
560513 778803 5098.0 G-2 1019.4

558497 752650 4856.9 G-3 730.2 Bullfrog
563036 765764 41669 G-4 730.0 Prow Pass
558446 756546 4866.1 H-3 732.4 Bullfrog
563904 761643 4097.0 H-4 729.8 Prow Pass
558897 766624 4851.0 H-5 Qﬂ W’ 774.7 Bullfrog
554166 763260 42709 H-6 \0\“" 776.3

561240 758950 4470.0 SD-7 729.4 Prow Pass
561591 768058 4272.5 SD-9 730.9 Prow Pass
561606 761957 4343.0 SD-12 729.9 Prow Pass
563739 753941 3942.1 WT-1 730.3

561924 760661 4269.9 WT-2 730.6 Prow Pass




43
14 it |
\\6 ~% ' k RF- loJie/28
B ——
et ¢
Alod) _ S6H03” e _(fe) 43438
p (mﬂk\} 1584444’ ifaart) (50) 5kl ol 6
Seben degh 2079 (pay 8 f vef) ' , ;L/ML\ &) He(,95.6
v ot b Qo) jayg (e by,
z‘/l\l{dé . : . 5’&0“\(, MSWM)
TSws (%&) LA bt T p /[Iguc kwuﬂ (&) . o
TSW”’*‘M) il s ")V g Vw:i'i”@clr‘\l"' B /me) 133 \‘i"lzZ(@Bu"g 13375+
T ! T oht (4 4 o, /FSM/ (W) -— ’ Tpt-”\“ o
/iilcg ?guz w‘ -y—-se.bjgf ﬂ/"—" ’ L C3TF —r;-ﬂ’o‘tl  efy. 5
L, 30, Seol B 253 4.0 15¢ gesf
\ow,. Y porkisof ) 3 %M ’Dk(/) Yo b ~ g — /?4”090
]
Thefonthd) 43,] \ ( T A Tac, Lo T
Ta/c(bu‘u& SaM\ 154 \ ( Ho “5 < 7,;“' {';W&Kd) 9.1 g’-—:‘zeﬂ(‘fv 3! Tecot } Im’/’:‘f
t \ A %[bﬂd S‘awf,) 1.{ L2 Bvy g M }
o , le &Y
ey 38,8 \L ] (613 oot
PP ! LSS deph - ¢ ] — of 164Y
l('/{) 3.4 MWW\ 192§ Sl dy :%Pj:'; ‘b {orf2 erhit: Tap;,; L0 L Yaeet 1650 fe1eS? = f@!&? &2;
ﬂpl Y T el ™ Lo ¢ Hs5- 'TNC\O? 28] 130" 3 ' Lel
Tep, P G Tepa ENE I R
_— 16/0(:..9 ﬂo\ 13-} ) ot AT Aoy bb 6T TC‘DI R{RY '
weMLd (mv\» 336 4)( 20X 1ofdejaf <« , . i 33505
2t =p 3o b M&i:em—l;bsjz * | lhd () > 509 gt o pe o) e— G0 4
nwfnast =b 210 b H/W%’“ i 20l =P 3%3 4 N T g
wided = D10 weblak b \;% jh#v et =t b2 (82,5
i e L= 5 (551
4l e I At o f ——]) !
lze - 20 Ll A
353 - [H03d - 12952 3% AL /I"l —t)zolay HI®H=
ostmanm &‘cvw.o"nrom Corty otal /Wﬂ’ i Racatirasn A Evafivon-
2
SM%-—HW QWM? pov | St 121 émb' stol 3
P34 BA 30 St 9F Rev]
. SP3UL Bm[
100 JMWLW M)&xf’ww




of (a4 - <
Wl S (e (58 y ?F LI/JY“(??
. | "
= _ hrepe
& - s R Net 4= do ueder fable sy, (S fot inh
deat) B 5l 5160 Calico Bills wmdk
yloott) P 26,3505 R
MMYL(UM’\' 191t () L 14744
. i ’I_,nt(,v I 14.93.:9
\T\M‘(—‘.kw (Fb) Aisi S '44'0\(1 e (£ 25T ‘ - prt( IM oy [H£GE=0
e (1f52) Tobpvl " s A Roported) Destilte Telbrerecs [oe /
To (betded) T'p&%;‘ \ 4349 : Visrciman oA o8 (197 257, LA=TFF15 (Lan) "o 1513
Tac- . ; 2eot;Feq W Wir%v\, vl bl voter (mﬂ
Tacq el Yoe AeH.Y r G-I R (46e pt)
Tae, Nacut — o UG 35 Gst LJUE -25hi1 Lh_o (23¢ &Pf)
Toe (pested) X } G-y [20 M (13 ﬁ) A
Toce (bused s2sd) b ﬂ H-Y oy m (354 M /\\
1} H-S Y //L/L/ //1
TZLOL{ ‘ Y , {Epuvtw el \; H-3 St M /7/85 M
<o s ke I Tepuw D el 6-3/sy-3 bo___m (/474%/)
Tens T ‘ B 103317
| 3513 = - s ] = 083" | oyl e Wilerers 6) wellel woih VW/M
deilE eS0T ' foom._bet Mvﬂfom Yooy 4 A3t pon wilded
Pl el frsw) => 693 i welded (7))~ (63,3 wnis o hage ﬁ TS /4/; a vt awm/r/W
Zed =b 433 4t 2ed Ml 44 a' T uif] we o averege fom fre subancos (erctuting |
ottt = pwiwtt 93 ik | sulcta 1) e Ynitbisrssa fom fre TVN hore /
welded = ¢ ""‘M‘”((“”“’L@Z LI’ e ® sl o s wiben plesthimedice sutnce /
i 435 4t Lo 45 ¢ %‘3@\% , g 70 pofea to Mla vehes] /osn‘m( ! ,
WS 06 ] s 4 s 2l Oorse, 2A L (292 |
' | 1305442 Pevy
QWIT?&MLQ@M Conoy_ ot ol ja0F / Mwégu“ﬂue/hw #r subartan 37 2 10D w| P3¢ BMH L)
Ao 44 -2030 %o ot BT Reu/ | wohtn olile 7> F30 o ol
SPIBMY Arefls =b 3407+ Y90 = [0F] m o
’ = 353 7L+ e
¥ Tt S50 VO‘”/W Asservnecd fT‘Pﬁ) Vous 3.2 cehe ; bl
}M(/MQ‘M wd Voo bude , Sept 129, cow Br? /%/«wii &/{@@é&
see M%L/ L//?’G '




YA ’ toftafas Wf 19
e 1olEE awesoae
o 4K 44k .0 1 dor B Hi50,F
Koo)X 5t 1999 m wcdes slon N w(earh) Po 559 Q43
yfol) 41 el (Lot #6603
oo dopte () 1odat, woles doph. £ 3304.0
"Smc{&v\wm (£¢) ‘(L:Z_l_c_v_\__m_q (e)
— 1230 i 1548 A
[ — ///77 ‘T‘Ibbﬁ\/( e :.ru) o TSW [’q\li"f) LP‘{I? /F,DWV, $ +699:%
/f T T s Toslotid] L Tl
/ // Tacke leay ¢ ™ Tac — (37D
/ / T’CP““"W 1653 o TM } Hﬂ‘?? , Taeot ¥%Ji¢q<’
// Tcp uw lw/ !pﬁ:‘g-‘mk ) l?g’b,'\‘lDA' ,,()GNL Tc,’nbthw & e d
‘To_nlhw ¥ 2003 TM CW) Zeod ©5.0 Tep yu Tk A
/ ' TCP;Q W Je=- 22403
< / lo,o («ngn ) 9"[«‘? Y 4263 2
v \‘g\\f) 7 \on (puched weld) 154.9 Tebun a;m&ww
N \ 7 !c,p -~ geod. ST ] TebbD
4 / 3513 ~[4eqp - 1230)= ’Dp (W) 2ol g0 MM@ 2263
4; o eddin
/ walaeh (T5) = Gt i Bu (g el e
// 2eel  =p ,ﬁ? Hv it 24 3513 — (HgT0 ¥ - legy, §].° 3
nwfvlf =4 1356 # wolddd ()= n2d ft —PRE (o)pefay —— 2bl.5"
/ ‘ wea@e(?m\:» é?’ 2zl =b 203.1_Jf - [¢F
; “l“ - nwjeld =b  Jso.> ¢t — —> (0. 5 4
7 L w@%wyb ;Z:ji 3utfra = il —> acl.a
Bl -k e
A ot
// ETRY W 1930/a1
// Beatlen o all . 1943
7 UsG S —oFR=¥3- 853
30 Sept 7%, e | Conoy pt L. (457
/ 39344 8 %o ot 71, B
~ 5034 BM




Lol Lofia feh PE
—— | | | 21
(UEIS p# | | , - [WE2spt \ SN

oo u 343).% o # 3L55.0 (3 LaS‘Lft.é) sere H2E in ?ik‘
K(wy‘(\ \bx 666,350 P oo wnhen el 2 3L gt ;x/eaw\ #o SH,usd PE /ofisfag - g b
e ‘W{ |54 "’r I WW\ m () BesST 200 o o
( — m@/ 132460 WT‘(-L s | , 1(53 Ly,
Wb ‘{'Su : “Tptpvi (360, PE3 (T'ntpv! / _&%@Z
pr'f:( (348 ’EW(%1} ‘i?l 1250 { ny Tobte=" & 1250
[ i = i‘}@?ﬁ' ¢ 5""’( /TQ_{’ 5 2ol gO' 122 )*.‘M wet b /?X'o‘m“ m( j
!ab/ [Tec 2w SR——CY ¥ Toe S Toe w85 Tae
4}}. [TZM Yés //;./-) pee{ BT Y ol = (.3 T\&,‘/‘%,‘&)' qg' %0 / (385~
Tach Y (X322 Tacbi L0
w Y {°g - @ C . gl 3 2E
%""“ %““&‘i“w , “Ia{) st Tclnumw A\\ L53D
: Tep (ue?) e E ] Tc.;) (GXO Tepun LT
”f—c'n P \ 2330.4 | T(,l‘) mo . Te,{)v@ i/ \7”'!___/ L2582
SEVE =y Y2 I 1 22 e o ‘ Cp /L“L{g!) (W{) —tye
wﬁ%(@) = 3974 Bl ()
wwindf =» P Drbflr (relled ) ¥ ..
wetdedPr =2 . ,. i ™
' tef70fais Wﬂ | 3505 = DOTS ~TesT = 10T
| T bt =y = s vl gl
2 : 7’&0{ =t 117 » a&o‘ziwd {) me mﬁbs\; Sy
nw/\mﬁ,“ = g ; /
{ )\”—Q!Qﬁ(p ( P Qa(/)d')aw\ =y @
Ca«r:z) -U( A 1\t ‘ ’ I
3@@4_@/« ﬂ)‘\ajz« ((‘fﬁ SO3MYR M4 ' G Al (age)
Us6s - ore - - US6 s ~0PR-S0 - 13
|




|obd
22 "l olrafor PAE
| W =\ D% 2 923
— wr-2 /
DTN s 344 |
el K S G¥N34 e o . plor. gt 4204 1
o (el 1K 1S3 | - ‘ X(ourt] ” 561,92 Brorte v _woer folte oo,
Y e dmtl. 1k o (W)t Fe0,661
a A woton ot M 1Y F2.9
o |Lwomen ) ﬁ
s ( (309 . ‘('\, J‘U( Iy (@E\
- /rp(‘:.,\\/BO, \M 1330 - 'T‘ ~ } 2230
- v o4 1293
/] /’\}:Z\\;IV Jred - | Tpbt 1303.0
: / / Tnn Xl K ::1_; . // \\ Tac i LS20
/ | Taee pal = Toebl P4 (suq $
A —— — Tepunse e
v TanW lFac.03
/ l // \ TLA,QO\W 32"«( zodQ ]
‘\T‘\ / [I //
WY/ N
o/ | /
S/ 1 /
X / / AR e 0] 30[8
/ / o \\ Bt berars (£2)
/ // “\>\ weldeld (Tsw) 465,14
/ / el 1569
/ / VlW/Vw@(‘ 9458
T
// / 313 42699 = 1322.0] =
/ /
/ //
Cam. o A 1%
‘%oww\wi} ] Gy _feh. G0¥
‘// P34 By / 30 S 4%  Roun /
7 30344 B
\




FF teofla Qg

94 vofia (48 25
\G5 wilen Gl @ Y wode. olov m
‘ B |onlds - -
or i) 43586.F oo s dov._{ 1666
wleeat) £t 558 983 ' wlt? o  (esnt) 1 563,00L.6 @ olalar
§ (nor) g1 359, 698 A [ 4 ot 765,807 |
ks degfl f  Mrere Moty bV , - NP 37
or 101 B b 22 3
THitknesges (£¢) ez BgQd . doph. 22 fw M) ”piqaug‘ml'wws@;w};\
’ TS (YA&S?\ 4712 TpkoVLl Ink.y r 135 3. ¢ '/lﬂa.dq\f Inl'nVB\, — 35
1S Coetded) ' ¢G> ’ﬂ\nbbl 1412.9 Tsw (ulne ““) 53,2 ) Tetava 1353.6
7 : ( TSw [WM A5 T:@tpw ‘Tn% (H0 6.5
Ta c le(r'ic) % q 34 Tée { (.) T’.J., b LT
~ L) TQ/(, L( 3'°l/"‘€ ¢ "/ ’_[La,c W (FeSit
Tac{ﬁ»d/d)iw@gﬂ!a& L5847 Tockt 1553, ) Tackt 13623
/lopth o w1570, 0 To»c (h&é&f} 55 f.\rgud‘@ xset’ TCpuuw Y  i3als
T&n (nw) 1G.| [sai  doph Teouw > 990.0 Lt W(F\%') Tepuw (9450
Tep (putid weth) 200 Teptnw N ens Teplum
Tep (eet) 202,3 ——— 187 A\
“Tbn (‘»W m(’) 3.1 wel 1.2V, T et Tehunwl . o
Y 2ot vo 203D Toouwy  oemc | welded (T5.) =p 59,0 + A=
Bt roa, Sqﬁx wele fdle 24002 ‘ Qo - | 2l => i No3.o
° W et = ! 23,6 {4
welded  =p 7 Foals S8
wedded. (T5) = | et ) -
2eed  =h 45,4 gt 250.0 ;qf f 0
nwhaot =b  382.0 M 2%0.8 4>+
welded =b  GGL.Y M bl 4t Spuraden st o, (1a84)
(P — 1 U568 - 0FR -3 ~389
(5.1 é{f
Vanitam ot o, ((agd)
LAt “H8 QWM A 1wy

m?qf\"%? Qo |

S U~ BN




26 ifm@“

pF b/l
27
cEn [}
e iy 50n9.0 ) Wl Do 4t 3y,
. (oaak 5)\’ 5% 0,564 ol pe” wekeAmtte 3%, X (eart) {4 56 (, 000 PSH % g wren tole_chonn
. ( WMA{‘X YRpaY 4 (woott) 44 FHo500
N &'?T\—‘ J\{( waken depfl. X 137336
. Y
Dk, o (ea/ Wickapsses (36)
] Tobw 3a P sz N ( - 360, deph
’ Totoy3 1669 Totovi V% Mora
— +n“ép V2 . I(,)?) _— ’%‘()'io{r( (255
\ ’i‘p&:nv/ \ 177 | (
~ Tpbé — 2 / Toe 2 et
/ ’ , / C 23w
[ Te. ¢ b / Teebt e
/ 2575 // Tep u.u\\c‘.;wm,;L‘m\,._.mmf\wm\;%'jf:
1 N / TM[O% ,/\“\ // 'Tco uww 198 o
m% '\L“\ / .b\H ) // Tepdnw 22 AUSHS
YV o\ / | A ' i
/ / | L/
/ l /
/ l i / Ths brans (£4)
/ I i / weldod () 6.5
/. | / 2000 e
/ I / hufnetrf - 35,5 ”
/ | / wilked (Vo) _po B P
/ | / -
/ I | /
/ I i, / 3513 <[ 4348 — [300.6) 2325 C°
/ l L /
/ I /
4 Cansy_ehod_ 852 ! Cone oo 97
/ 70 St 11, Rt | \f 3o Sefti T, Qe
// 9344 B SP3Y 3MY

2 s LR -




L0 [
28 o {
@L | Pﬁlé{% ’W%WJ)&W") RE Lot (&
K | 39 AL A . 29
[uz# (<) at Mot :
2lby- 4\5* H 28, - L‘[i/ ﬂszcjlpwlh% Mﬁi tqﬂg
Aot ) ¢ 560,14 B Ao ‘
» Vs : )
AV R k) U L‘S‘Z‘ﬁ‘%‘;? NS (e Tl cugected o be ot
WW‘NH o (oot UJJ’ '7'005‘35/ 2o ~ 1605 ferof LepTh
dg 4 |}
Tikreres R — 7Y T
, rebsle w2 olle) fo m)’b@/&é& based
_ — T.Déz Ia T sy ] Tk (o) Ceslon otod (356277 I
~ TP V3 1358 ‘L" , - '”(1 3 h‘“”lah"
// Tn’:oev S | 3 < ; ‘fp.-blovz/ }é’ L Wﬁ T 7 4\ 116552
/ T‘E‘ v P 3830 Tptovi 2% (3003 Py hutf pEpYL —— U2
I 7 S SO L S— A AERE 0 -
A S ¥ P P Sz e (s
/ f o W 1L ‘! ’ 2.2 ~b : //ﬁ//;, e ?Zwﬁ?ﬁ M bt uediiide Tde e ]
/\“\ / ; T&o% 4 o - 2 ?M I‘-(&dv +V/¢ﬁi¥m L;\, M coltvm o é st
&7 Tt 7" Teetr ¥
&/ S e————
\ / — N ofﬂ/‘.(‘wy el }Mkﬂc .‘MM"M[JM“ \c/nuv\/ . SH0
/ ﬁ/ff ‘&Jd__%’;:,;;,-' —— e 1883 p % TCARV\W ,zu(
/ 1W M L e S—0 pertily Tmd weldal bsthov. st L&%Y
/ foon T e o e~ 1682 oty
/ V"-C)i@ g
((])t‘
/ X4
// w
v (| Ch D.T: Vo
/ 3, { ;f?f}; JU‘Z# /’é '/‘7) M/ i\;&(ﬂlbj esef D Bisk. /Iwe”%/‘ Lémd/ﬁww bz. ﬁmZ/ Core.
/ ( (£Tho)ages ék;;“,’:‘ h Nods (A-123j0-MS /%é;(m Cos Mirees
/ Bt Z/h - WL/ perssconmn WAL Dave Blwsel, wccondn % ”W
/ ; WM,,M % Move Ma( /”WA’ whet T vecorded cove) bae wf PR W
/ o U7 .Qx/aﬂ /79?’ l\aﬂ m W/JEWOVM %
L f 645{ A ol
/ C@Mggg‘ab klz@/;f ‘ Guslic ofed . (4 ndfes DTN 6593130830401/ % F 4 amwl% ﬂquwa «f/ L. :ZS/
30 $9T9% i
\ . Guslis 3., TCMoyen, D.C. 0
\ 3\03‘#(3”/’7‘ &mqu ,3} (. !:’% BQWL s MW( @4y
/ | oy 4 ol Lo Loy ai/if«(:a»»;}//ms”% T otit RO, |
Bﬂu’w alca J14 g 7(%3 ?P%‘{"(Bf:/t
7 - %fi&(rg (94 . u;éséwcﬁle@wt G .
|




30 1o frefs

o 3y

UTA /M) condintes & M Stade Qlwwt— cm.egawq(éﬂ l"\’(‘%‘/}or@‘g’;ﬂ\ nfe B el  Mutlcnesgo, o coven Sboresy
\Qe:\q/ HHMM o Y A»v Vh—c Vwc,q,/’um B Us:m W{mm 70)
A/\.ue\ Muhbco-w*w UM U‘\(’QQ /V(Mw T{\‘) Tw " ‘Smu, /)(,07‘“ had & ;yw[gla/n-» wfh. "‘t«/évwx S et ﬂaﬁvu‘ﬁ"lm\
\‘?mo.&ﬁ Dﬁﬁ% | SPH?L-H}M'—P i N&CHA M"\ TW’rwzQ/ & e wdhmlw\am}ﬂm Roda cod
: a/{' \;/Le Savm 2 +MJ¢ (ljr Lun,,j'ei ‘l‘o a»—J“Ouv Subonex A e (cma\_:km
o wekon T, WT 5 = qeomate e
UTM(m) Nev. State Plane (ft) Elev(f) Well ~ Degth(®) ¢y, we® locatin " X subunen (owg oo 3 (’ 2 & tack )
549934.75 4078317.25 566350 764900 3932.8 UE-25affl oty Hle erdl Ao abeplatded fate (vt /pek Muisteness
551508.56 4075662.75 571485 765171 3655.0 UE-25p#1 382 Molt [ andd m{— M Lewmuc Eg MM ey af\l’lq_ FYRs) \
549484.44 4076985.75 564888 760535 4000.6 UZ#16
548032.75 4080262.00 560282 771506 4429.1 UZ#14
548298.69 4080018.00 561000 770477 4348.6 G-1 R Teeplt alze bl . pafln Jorsiing Yre Aot vegerdlro 5/ {F s
548138.50 4082554.00 560513 778803 5098.0 G-2 3 ' * (A
547550.49 4074615.75 558497 752650 48569 G-3 o '“){M”{/&ﬁ"? L7 &M”ﬁh” b W wo”b' Lt bore
548937.88 4078590.25 563036 765764 41669 G-4 . Sl 23920 voed o fre /m‘wm/ﬁﬁm /éxz‘mm?a?ﬁm were_cdoser. foron e Yoo wm%w
547536.87 4075762.00 558446 756546 4866.1 H-3 g0 ot \[Sﬂfwu% Womee * inverge dighones / w/ eporerd 4 §r\ N {
549195.06 4077322.25 563904 761643 4097.0 H-4 519 LY W ‘
547665.44 4078837.75 558897 766624 4851.0 H-5 704 15;“” i
546196.06 4077816.25 554166 763260 42709 H6 . ... 226 L
548384.1 4076499. 561240 758950 4470.0 SD-7 L flow [ Stoned in /2oilifod [Erstrit/
548550.5 4079257. 561591 768058 4272.5 SD-9 \h ' - 7 7 7
5484922 4077415. 561606 761957 4343.0 SD-12 W
549150.81 4074975.00 563739 753941 3942.1 WT-1 “%‘ wedls —subarens ﬂj/f = wills v/ A ) e
548590.44 4077020.75 561924 760661 4269.9 WT-2 wells wifs Audy 7 20 P
Subareas
v:%«c el [.\/Q/'f = wut M%przd’ej Aot //V;w ﬂth/M fageo
( zeol Thh'c ¢ M =D pf M‘msé/@( [
Welly puded G- o) H-5 5D 9, g-qsof.;, “J-,
‘ ( _ H.- t/ sb-?F_G-3
;I/MMIQ gtvwwxw‘l {? %Mx’ﬁﬁ/}.&ﬂzby 4() M‘@Ly /€¢W /}J/MM)W% th chyeage. A«W &W"l#& 0‘*// ay afc/e M(ﬁ[o&’
— /M/D @N
Vﬂ(‘\mc TSw = 3 swb/m\m (AW M rwv\/WLQM ?M/ invl). ﬂf/f' gé\
“wal\ 1}‘ M’F@&W (é;éowdjn %4»\ ell-se. berono, JOF ane %#WAMC/W ]4/*’4
CH, = 3 d sb .aé«a&@(ﬁ# MAW Déf“ﬂt/)ﬂo?‘roéw% %Mﬁfﬁmﬂw
w ‘. 4”27\ %%J! g _hbn:
Veors =2 _eoppen QQ%M%,MQ@#WMW 2 /%W»!v e 4ot _
n WJ& MW@W @WM 044 0@% fo Elb] <on
Z(ywm 4 e @ 5@’(‘5\—# Ow)(c '“WN/NZL ’MM (oo) (0D Wzﬁduﬂ‘m
Lovsett- Ty WM | ) Doty —» Infocgolae —> (viecse LigTamee
g/uf?, =jp U{IWLVVLMM CC)WL/lw?r//Li {ywh%}/& MV\WW l_au\()w"" Ria& =b VD, ()A-\ aned 9&{#1)\\/"&,&/;




39 W&twwh% ' : g_g,_,wﬁ |

Vitric (non-welded) Thickness (ft) - inverse distance _\ Zeolitic Thickness (ft) - inverse distance B w
O T 546000 548000 550000 .552000 Mm\: 546000 548000 . '550000' .. '552000 <
i NG ERT EN TR ATSINCESTR. NER I EE —] _3 P ' Ul e
° 450
425
<Y/ T D —

350 | o

450 ] —— I °
425 :

4082000
—
| |
4082000
4082000
. | |
| | ,
4082000

“N‘ L 400
F’“’:M‘:ij;wm i g 350 | 3

. 25 | 4" 25 |
T — 300 | 300

=
=

il 275
e 250

200 7 —
1786 - N
150 . N
125
100
75 ] —
5 _ —
< A

275
250
225
200 ] S
175 - S
150--- s
125
7 5 ) SR imammmaniaren
50 ' I
o5 | R
0 _ S

1
4080000
4080000
T
N
4080000
|
|

UTM Northing (m)

4078000
e

4080000
R

P
|
UTM Northing (m)

4078000
.
.
4078000
I
4078000

A |
4076000
|

4076000
e
1
4076000
4076000

546000 548000 550000 552000 _— 546000 548000 550000 552000 o

UTM Easting (m) L UTM Easting (m)

. . .
~~~~~~~ . > Try - W -
N |ecp(0'?' 1o %‘ p) ’mre\fml\: wsed
le ¥ nad — {F : Q4 bowbele het usd




34W}QW5,

iiuﬁmfimw for- Jrprovesads L Ftlos bhete

Wells  cuvvontly  heing  considorsd;

Lofoel

35

wells=ae Moy tocpot file

B AMeHoad 2 afprare MW/W )WW/QWWD@V

e saéuALa I%?b@é&1 ﬁﬂmpﬁlnaf'/hfv%wﬁ¥%% 4ZJQ o

/

feocple]

—

%VQM/W A%/MM&WM
Litrrey honce Tre a%#%ﬂ

9 o/u/ﬁrtg ! Poblogps pafel with. W/
Locohsa et s’ ooty Lo suis, froons

@ @MZM@» 6-F %;M/z
¢, Mo ?L/foy =b wee ?L/so?

Llen Arrrsprrn affon e polatoo. S ealole

@me!u Aol el fo no-urils pfocostiled

@m;«/}@w#mw

3) Incompnade shucthor (Huths) Goo oilepbioo

él/z %ﬂqoﬁﬂm b MV{S(M

v m&w/’mwﬁ ettt Gl for G Ui,

twam Cdrﬁnw~d2&4 numwwm %a%%%w o tﬁkm%w/wpia

9 rn's 0 [ wes aaﬁﬁwwfamﬂ%)

(5D esbe extmd Aar&# Huclenontes L,

s,
= i fleolries Azt /mm;f?m ﬁ&mm\

Mo subtroet ot pon-wtldd —>

non W‘W/ W‘ZJ %t

U(’sl;)\ /

pay Yo G

(Lf\ /WV@ML“HM (Lnpanes kﬁw cl:n R L S N )

Ww MM%OW,& we_plitted 00 nededs W&)m

N%wﬁmw&f% 4;f émn YnolCeo St go . hvdf

az&eOﬁb&aQLu
W wr yralie  serpe h«mﬁdw@ fﬂozf(ﬁ

%‘L@OL\«i‘ ﬂ \L)bl&\ “Hm/u\ha \r@U{’\CalﬂM “H\WL\H&

V‘Dolﬂf (CUJLQ/LO j Vi

IMQW”% cead 751/ D

mw@ x §°

——

(25 5@ N>

achund Lhek=, %@*/ﬁm&«fe B

UTM Northing (m)

4078000
I

4076000
|

546000 548000 550000

552000

| ’ |
e G2

4082000
l

UzZ#14

4080000
I

SDh-9

UZ#16
®

WT-1

Tec?l_ma“ 2.0

UE25a#1 !
®

?{o\}” (Q“l

UE25p#1
®

L

546000 548000 550000

- UTM Easting (m)

552000

4078000 4080000 4082000

4076000

Mk |



% CA™ (o382
36 opef Wolls Yot enstd e mcbided for THT. Zove | ) .37
— BEYFM[M we WM'?[O /@z)/&a/'f /armﬂq f‘ﬂfﬂ 7<> (/M Nev 7
UEAS g S Polrnores
SD-F W/Mf?wj $D-9 (425 4 daph (MJ&A Teptpva, apraden it nonweldsd sugedg
';7=l‘<r Sp - 9 I(ﬁm ”‘wa — 2233 J‘ﬁ Mh\ (Dbﬂvw A ‘ovwf/wla Daelehos lao‘f lcp3
{=>  Sp-\2 uppen Brullpn 'Epglupom J)Tc,p)
WE -245" b#l MMWM Pi&dmm/ ‘ ’
Wi 9 W SD-F 230 4t Leph, —bpd) Tptpva
6"’ v - e = QMQ?A ‘6\(3 lécZTécl 7\cclo't Tachs TCpo
G- X apprrching () o fox) 9. 1(,03 /MM
G- 3 “ 13-3v~- 2180 £h \602 Tco{ Tcon.,,,o,auﬂ
G-Y Pre 'BW%« Jigo - a5al - Tob fBthQm\
K ( jf‘i&’-;ﬂ,:h”gf‘ lee (TM fo bbﬂﬁmaﬂw{e
W -3
H-f 4 grnchirg PalerysCes G-3/6u=3 Gu-3 _cored _ 10=80b m (33 3cyy £) 4%1/1
i - - 673 coe® Fac 523 /9603 5'030 H\ a@o,{gﬁ
’+ L 168 /)( M‘Zeﬁ LRl R 7}'&01/)\
3- 3 Poleorpee > 1%3.9 N T

as-)ﬂr) ~ QC2ST T\L
D625 - 3EFL Tee

3836 — 503 ) Lz‘f/L& E/LQ?%L & sld, %uﬁ%

zeslihioed @  (52%F 2011t Loph - ) Uimdmo odol (Y

sy - 27 brdyh ) tPTERT

%wvéw (foor_Olvee X Poot _(597) Jileloe _soH3 4R AS

QR el gukpesn obbovio WT=2 1200 — 2059 §f [indo Tep (tover ponnelded) |
Ot ~ Tosleioy ot - topof Tptprl aod B339 HMVA
T Taibion, lusadts oced __{d0=(STH_ gt (o bere g Tac)
Vo («W‘ftm veleande wocks fu'f?’fnfl/ﬂdlc’aﬂ-@{ w%kg/) AN A it 3‘05*9' ./l/J’ 402//;72%.
T 1 - omoab\ SMl)\;,,o Mbvwfae/\ 4 ?"'VMT
Tpm Cocke WTW” 0 i} ; -
"\I/['\ rkw{(kyum ety g) ¥ Codeo HL 7%& O/IMWQNJZQ /WOJAVM%DYQM thedudleg 7/1‘&%7[»\
Tew %A%W 9 Cusle, Pt T A OF0. frow e vt Wz/w))%, wildd T3, b TR non welded) e
P2
S e S {weiae, Qobwb Moot W D= 2b Liggho kbusstoar, (56 (S/WD%/%%\ $D-F Wiémm (SAomie— (42

—DS Lon

63/au-3 = Vo A0 (s (L A- ‘i?o?/m) W2 =b larss 2ol m# <’%*§?szM\

Dwmear & Sn(w\,xa,m love WW




38

u[q(ﬁ‘%’ gk

Estomedn. 5) reprosestative

‘H\Acknm% ngv eack

&m@a/u)_g\

e /MWW Latz

747;7»0: . yd-ineD, /00-44

zeod = inu D, Qéu

fw\w vﬂu Py TQM

/% \/)Mp ?D« 3‘3\

‘—//La/ l’“é//)y‘éwh)/ﬂvt

el @Y T bnons

712{(%\ ad % OLVMa{’ye_,

¢ e Jore corpeng

ard e _corter poiet,

/@WW?‘%{M

L%&d? 710 M%L‘orw

\/LQ %éw%g q»_o/

C/A\fﬂ/u M &wﬁowl/l

feleon M%ﬂm

/ZVWML 57‘/7%“% ol

4 et £l

éetj?/}’m gee’/bo/%m\

m/mum/ ?6[ %V

mwfaﬂf fJ %szﬂa

Wﬁé{ centen

M% V%»/éowt-/

Subareq. For e

VU%+W\ %m/ba/@@zs Where

mclude s ertice exbek

zﬂ( suwbange. . 1 estimete

W%W wesl

WA@M“ J\\\’N N\)M/\'ﬂv&?‘tm\

'\/\A ‘*\M %M)M/\,QA N

UTM Northing (m)

2ealitcc Mv{goy\%zfcw" (Fr)

548000 549000 §50000 551000

g (=]
g ....... PR L ' LA §
g : 3
: IHW P‘Dl
/I/ QLA
[~ e
8 N (=]
o . S
- 2 : 18
Eg : g
o : h
£ :
ﬁ .
5 C
2 :
= .o
= ) :
> : :
of :
=] : . b=
8 : . =]
© : : 3
™~ N N [
g o : g
: a
B 5
] 1 1 &
548000 549000 550000 551000
UTM Easting (m)

(”Tc-cpéo% vess om 1.0 3 e'gn/;)hﬁ

mhw@{&ﬁ/M\nwﬂ{@r&Q Phcc knaas (f{)

549000 550000 551000

4078000

4076000

8 (=]
=3 T T T T =4
st o PRSI : ) _Wg
x : ; @0
< (‘h\(z‘r ()’D (a* wnr |9
: [
N (=3
. =4
: [=]
. =10
: g
N [=]
: <
)
S o
. : =]
- N (=]
: : 1=
] : §
: o
B :
'l ) i '}
548000 549000 ° 550000 551000
UTM Easting (m)

example & Sihares lcbfaaﬂ 35 4305 +9Fs+ F2[ /5= 25k

.
| R Y s
| ?m(lmnuw7 [* Gt V‘%V‘E/%’/@&’ﬁz ‘TL”gk‘”% //éﬂ?
— — : oo lihC H“l?‘:(@) Morwedde Abvadteed Tuack (6 M Meniomugy
— ’q S 9\6 @ f‘;g”‘) /43 [‘f‘-/ (4,.\ g"{ S —M‘
— Subara 2 35( flofh,“) % /‘«;4“‘\ > 7“
—— ] Sul)w 3 SO {41»-\ /7% ('531&\ (KRS
| Subansa 4 316 (few) 69 (1) 53 4t
. Subanes & 31.% 6’11,,.) 28 {,:,w\ % w
Sudoarea LJ 3.29 flozm\ 2 /f;.r &.\ (43 Jt
Subesa T 303 m“w 260 (4.0) 1
“‘wm« " ’l alqg U
(e subarsan are mivmbored Boft %mwrm o {\bb,,#m\ /z N &g

ZONE T="Subarea 1"
547472 4079324
548069.2 4079137
547847.3 4077816
547318.4 4077934
547472 4079324
ZONE T="Subarea 2"
548069.2 4079137
548609.7 4078969
548547.9 4077654
547847.3 4077816
548069.2 4079137
ZONE T="Subarea 3"
547318.4 4077934
547847.3 4077816
548322.7 4077192
547474.7 4077282
547318.4 4077934
ZONE T="Subarea 4"
547847.3 4077816
548547.9 ~ 4077654
548504.8 4077170
548322.7 4077192
547847.3 4077816
ZONE T="Subarea 5"
547474.7 4077283
547887.3 4077238
547995 4076339
547670.4 4076436
547474.7 4077283
ZONE T="Subarea 6"
547887.3 4077238
548322.7 4077192
548319.5 4076220
547995 4076339
547887.3 4077238
ZONE T="Subarea 7"

548322.7
548504.8
648473.1
548319.5
548322.7

4077192
4077170
4076534
4076220
4077192

Averages of 4 corners
547677 4078553

548269 4078394

547741 4077556

548306 4077458

547757 4076824

548131 4076747

548405 4076779
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Figure 4. Interpolation of vitric horizon thickness in
in the vicinity of the repository footprint excluding WT-2. Solid circles mark the boreholes

UTM Eastin

included in the interpolation whereas solid squares mark boreholes not included.
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' Hﬁclﬁ wge v TEF nedoling . Svnce Yo clgesFrira
. TPA Table for igraphic Thick for Each Sub — 11/11/98 created (tpa-thick.xls) i (g . — v
. Base Case as of Nov10, 1998 in terms of meters o . eﬂ WQ, ‘AMQ/ {V a We/t( ‘»\ \‘1‘4"‘/“:(! ‘L'/] m Tquv+DV7 bleok. {4 #Q’
b b b barea 6 7
2 W% moa 8 i SD-G6 boebde (lllslge Loy at m— se b fed), Row wendel
l 3
g::; 1sg 152 12(2’ 132 113 123 _ 113 t { . Y ‘i”o M"a '1L O W "@om\ m &V’%V»tlok é FMS O
Prow Pass welded 34 39 40 34 38 26 43
1
Gefwmo § o2 @ 4w 9 s moel,
! Total 207 a29 340 333 -361 340 34
i Base Case as of Nov10, 1998 in terms of feet
B R R R R IL% uunsheed 7‘;/%(4 ﬁ@%/ bk yuze/ 7@\4 DOE (9«., G[/CP //1 osria )
TSw 108 381 66 361 66 174 897 [ %Y p,o/ / / /
g::‘z’ 535 58 0 432 3711) N Ca ,/C/ﬂ’/?\ / ”"0 G FM 3’ ‘l/Of'?-()P I/C'VMI” wp&‘ﬂm@%/f
e pOMPmsweled R M6 W e e ! Pig;
Bgﬁﬁog welded 0 0 0 0 106 0 0 //4/ / &37"\7
Total 974 1079 1115 1093 1184 1115 1119
| ——" / 51(’%7 \ é;m[ GFM%BH,Rey Mh.f’/aﬂl ﬁff@l
—— g meoiom | \\' M/ o ghwmsbunshced Lcies  (fen resstuts ]
R W o om ®  ® @ ® ( _ ?p \
| o4 o8 o8 8o o ho Visuell difforence in_cross-sectrs whon usivg Efpar. foces /e
S A i fle ey be Lipluagd and_siced i otV os 3D Viewen
Upper Crater Flat 220 66 518 187 518 a5 207
| o ?:l:;ogwemed sag 1002 119[1] 1142 1:1323 125(1) 1303 vag veq +\> é)&‘f\(bbf Wl/w/ IVL/W"')‘ W“)/C ¥, ,06%\/ &, ﬁ‘" \// M
FlrstCutlnterpolahonInfeethedcrsNonB UseoldvalueslordeverymlngeéﬁeptCallcoHIlIs )&‘ // W C( / MM ?\
in for GHnv, terpolated values f let tofal .
— Sw ””“'*:,:”bag“m“ - % ﬁ?z,loa/n s il trv Lo ane loded wit Fie My Al
\ 951 sum of alf welde:
a CHRCO B N — juto EertlVipon 5.0 (clonfed wsine evdi oo plute’ )
Prow Pass welded ] [} 0 0 [} 0 1] J / /
————— Upper Crater Flat 0 0 0 0 0 ¢ 0 i &J Z
! Bulltrog welded 0 0 0 0 0 0 0 1
! Total 998 g8 1644 1215 1745 1691 1464 total has changed !

First Cut Interpolation In meters Rfedors Nove8; sum of all welded putin TSw

A Vt"SMaJZ{';,;Jho; chal "‘0h>cé’)36%3" 250 M

Put mini values In for CHnv, me remainder of the total is put into nonwelded into the CHnz

2 3 4 Subarea 5 Subarea 6 Subarea 7 :

Ly Cocs-sechiong fhtn\ Crmluéj

(m) (m) (m) (m) {m (m) (m)

L> Fow fuder bl M3 R1000p (leas

V]//\-Z/ 'ﬁ ’h(V KR(Q onlaia ik!ﬂ ﬂMchwc. (wss-gechn a~o& .

TSw 201 195 376 258 374 351 290 sum of all welded

CHnv 25 2 33 16 61 64 64 minimum

CHnz 71 132 -69 59 -74 -75 -13 by subtraction from fotal
Prow Pass welded 0 0 0 .o 0 0 0

Upper Crater Flat ] 0 0 0 ] 0 0

Bullfrog welded 0 [+ [} 0 0 o ]

Total 297 329 340 333 361 340 341 total same as original

First Gut Interpolation in meters Rfedors Nov98; use mini
Leave welded units the same as ovlgmal except Upper Crater Flatis adjusted to keep totals asin original
1 2

for GHnv, repl lations for CHnz

f)m& \CuT_Ma/»LtWOML %Loﬁw\« vesae %()%HQW/ ond wh/m Q

Z v WWMJ ca,&w&)k mhm\ 1/) woeof

TP cllondple —bEross—sedhi plot (D

Ly Cross—sechinn anrothao @

4 Subarea & 6 Subarea 7 p

(m) (m) (m) (m) (m) (m) (m) H .
TSw a3 116 20 110 20 53 121 same as original I l l y’ M M
CHnv 25 2 33 16 61 64 64 minimum hd ra
CHnz 78 107 92 96 97 100 92 representative \ ﬁ A, W K
Prow Pass welded 34 39 40 34 38 26 43 same as original h \
Upper Crater Flat 127 65 1586 77 13 97 21 used to keep total constant 7 “
Bullfrog welded o 0 0 ] 32 0 0 same as original
Total 297 329 - 340 333 361 340 34 \/

First Cut Interpolation in meters Rtedors Nov98; use interpolated representative values for CHnv and GHnz
Leave welded units the same as original except Upper Crater Flatis adjusted to keep totals as in original

M‘b? rﬁvi’)‘ /,Amca /7 ﬂ/@’fﬁ 4_cnsi- sectios

Subarea 1 Subarea 2 Subarea 3 Subarea 4 Subarea 5 Subarea 6 Subarea 7
(m) (m) (m} (m) (m) (m) (m)

W/L Weﬁm @) WMVf") ol o asciL 74[1 wﬂlkﬂ“» Q&Wﬂm

TSw 33 116 20 110 20 53 121 same as original

CHnv 44 24 53 61 66 66 79 representative

CHnz 78 107 92 96 97 100 92 representative

Prow Pass welded 34 39 40 34 38 26 43 same as original

Upper Crater Flat 108 43 135 4 108 95 5 used to keep total constant

Bullfrog welded 0 0 0 [ 32 0 0 same as originat J
Totat 297 329 340 333 361 340 341
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¢// [a$ Of«% g

Clate [0
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1948
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2395 = water table elevation (ft), approx
center of repository
elev (ft) 560,000 ft Easting
(tops) GFMS3.0 Lithology Hydro- 764,000 ft Northing
stratigraphy Thickness (ft)
4578 TcplD, Tpep  tewld, towi2 261
4317 Tpcpv3, Tpepv2 tcw13 17
4300 Tpcpv1, Tpbtd ptn21 ‘/{ 12
4288 Tpy (Yucca) ptn22 c\ 9
4279 Tpbt3 ptn23 é(u(‘i 19
4260 Tpp(Pah) ptn24 20
4240 Tpbt2, Tptrv3 ptn25 44
4196 Tptrv2 tsw31 8
4188 Tptrn. tsw32 118
4070 _ Tptri, Tptul(Tptrf) tsw33 270
3800 Tptpmn tsw34 107
3693 Tptpll tsw35 314
3379 Tptpin tsw36 183
3196 Tptpv3 tsw37 46
3150 Tptpv2, Tptpvi1, Tpbti chi o1
3059 _ Calico ch2, ch3 172
2887 Thtbt (Calicobt), Tcp4(Prowuv) ch4 77
2810 Prowuc, Prowmd, Prowlc pp3vp 180
2630 Prowlv, Prowbt, Bullfroguv pp2zp 228
2402 Bullfroguc,Bullfrogmd,Bullfroglc bf3vp 268
2134  Bullfroglv, Bullfrogbt, Tramuv bf2zp 256
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1495 Tramlv, Trambt, Tund tr2zp 7748
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RFedors Sci. Notebk #273 May 1999 s

Files used to create grid information for Ron Green’s 1D column near the middle
of the repository footprint.

To extract a cross-section, load the faces file, .trv, .path, .dwd files into the Visualization -->
cross-section --> from faces file. Calculate both the plot and the annotation file. P——

ron.* files are for location 560,000 ft Easting and 764,000 ft Northing Nevada State Plane.

sample.* are from /apps/dgi/ev5/data/* and are examples for proper format of EarthVision input.

sd12.* are for borehole SD-12, the closest borehole to the general location requested by Ron; A
This location was extracted because the bug in the cross-section plt utility led to
some uncertainty in what exactly was being extracted.

561606.0
761957.0

gfm3b.unsliced.faces was obtained from DOE according to Larry McKague and stored
in the directory /datal/models/GFM3/ver3.001/GraphicalResults/

*.ps files were created from EarthVision output (*.plt files) and converted using ev_pltconvert.

): gfm3b.unsliced.fac...

—t. *rgb files were saved from EarthVision’s 3D viewer, and later converted to jpeg files using xv.
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A\Randy\Zeolites\Thickness\repository-7.xls
Conversion to State Plane done in EarthVision 5.0

W Hul

Water Table June 99 Data
meters feet

Averages of 4 corners
State Plane (feet)

Averages of 4 coorners
UTM meters

UTM NAD27 assumed
ZONE T="Subarea 1"

6547472 4079324 547677 4078553 558943.4  765699.7 7615 2498

548069.2 4079137

547847.3 4077816
547318.4 4077934

547472 4079324
ZONE T="Subarea 2"

548069.2 4079137 2441

548269 5608844 765171.1 744

4078394
548609.7 4078969 :
548547.9 4077654

547847.3 4077816
548069.2 4079137

ZONE T="Subarea 3"

547318.4 4077934 547741 4077556 550142 7624271 735.5 2413

547847.3 4077816
548322.7 4077192

547474.7 4077282
547318.4 4077934
ZONE T="Subarea 4"

547847.3 4077816 548306 4077458 560995.1 762099 730.2 2396

548547.9 4077654

548504.8 4077170
548322.7 4077192

547847.3 4077816
ZONE T="Subarea 5"

547474.7 4077283 4076824 559186.2  760024.7 731.2 2399

547887.3 4077238

547757

547995 4076339
547670.4 4076436

547474.7 4077283
ZONE T="Subarea 6"

547887.3 4077238 q 548131 4076747 5604127  759767.7 728.8 2391

5483227 4077192
548319.5 4076220

547995 4076339
547887.3 4077238

ZONE T="Subarea 7"

548322.7 4077192 548405 4076779 5613122  759869.6 728.7 2391

548504.8 4077170
4076534
4076220

548473.1
548319.5

548322.7 4077192
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/Randy/Zeolites/Subareas/subareas.xls

|
§
|

[N HERRRRAR—

7y

|

GFM3.1 Entries are the tops of each unit, and at the center of each subarea (assumes UTM NAD27 for TPA and State Plane NAD27 for GFM3.1).

GFM3.1 units Subarea 1 Subarea2  Subarea3  Subarea4  Subarea5 Subarea6 Subarea7 Subarea 1 H-5 Subarea 7 SD-7
elev ft elev ft elev ft elev ft elev ft elev ft elev ft thickness ft Borehole thickness ft  Borehole

repository 3504 3504 3546 3546 3583 3583 3583

Tptmn 3891.8 3688.4 3984.7 3763.1 4026.7 3906.6 3763.0 TSw 2785 308 436.8 406

Tptpll . 3785.5 3581.0 3846.0 3636.4 3893.3 3778.6 3633.4 CHnv 296 250.2 352.3 210

Tptin 3436.7 3245.6 3541.0 3349.4 3624.5 3529.6 3380.5 CHnz 65 150

Tptpv3 32924 3080:5 - - 33799 . 31484 . 34729 3369.2 32186 Prow (weld) 162.3 154.9 213.9 210

~~Tptpv2 - . 8225.5 3016.7 3337.0 3116.2 3420.4 3296.6 T 31462 ¢ Cfir (nonweld) 185.6 138.1 zeol - 189 214 zeol

Tptpv1 32125 3005.3 3317.6 3089.5 33824 3264.6 3113.2 Bullfrog(weid) 83.6 46 0 [

Tptbt1 3181.4 2953.3 3277.4 3020.1 3335.6 3192.1 3047.3 water table elev 2498 2541 2391 2393

Calico 3173.5 2942.2 3267.1 3011.2 33244 3181.0 3038.6

Thibt{calicobt) 3013 2736.7 3152.1 2842.4 32184 3039.8 2863.0 Total 10086 962.2 1133 1190

Prowuv(Tcp4) 2951.7 2680.6 3102.6 27951 31715 2986.2 2801.5

Prowuc 2929.5 2652.0 3078.9 27701 3151.3 2969.9 2793.9

Prowmd 2807.2 2543.4 2947.2 2654.7 3019.7 2847.0 2675.9

Prowic 2784.5 2503.2 2931.7 2609.0 2969.3 2788.1 2609.1 Subarea 1 H-5 Subarea 7 SD-7

Prowlv 2767.2 2488.8 29071 2586.0 2940.1 2756.4 2580.0 thickness ft Borehole thickness it  Borehole

Prowbt 2639.7 2279.5 2721.7 2344.2 2733.8 2503.5 2285.5

Bullfroguv 2617.8 2265.7 2702.5 2336.8 27181 2489.3 2272.0 TSw 84.9 93.9 133.1 123.7

Bullfroguc 2581.6 2234.3 2684.5 2308.2 2706.9 2266.3 CHnv 90.2 76.3 107.4 64.0

Bullfrogmd 2480.7 2005.1 2584.1 2196.3 2664.3 2485.0 2266.3 CHnz 06~ 18.8 -8:0- 45.7

Bullfroglc 2368.8 1891.3 2331.6 2013.1 2402.7 2229.4 2035.5 Prow {(weld) 49.5 47.2 65.2 64.0

Bulliroglv 2325.8 1882.3 2309.6 1989.8 2362.9 2199.3 2003.9 Cfu (nonweld) 56.6 42.1 zeol 57.6 65.2 zeol

Bullfrogbt 2129.1 1753.2 2185.2 1904.7 2266.5 2102.7 1913.0 Bullfrog{weid) 25.5 .14.0 0.0 0.0

Tramuv 2102.8 1731.9 2165.5 1888.8 2246.5 2085.0 1899.2

Tramuc 2001.6 1633.4 2069.8 1797.0 2170.7 2036.0 1856.3

Trammd 1942.9 1560.0 1992.3 1719.2 2080.2 1949.1 1772.9 Total 306.6 293.3 345.3 362.7

Tramic 1694.2 1280.7 1683.4 1375.0 1722.4 1573.8 1393.9

Tramiv 1674.3 1254.8 1659.7 1348.2 1694.3 1544.8 1365.4

Trambt 1402.2 870.9 1299.7 895.9 1274.5 1079.0 874.8 ?’c 4

Tund 13914 847.3 1279.8 869.8 1244.9 1048.3 8450 :” M q

watertable 2498 2441 2413 2396 2399 2391 2391
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$98170_002 DATA REPORT

TABLE DESCRIPTION:
Clinoptilolite Abundance data of rock samples from USW SD-6 using X-Ray Diffraction analysis,
12/17/1997 to 05/01/1998.

TDIF: 306869

DTN: LASC831323AQH88.003 ..

b5 Bty | Fon | [Bolfley pPE| (5 (tepend 07 2

I s Ly fr | Lt LGy (2‘2«7(:) SMDIC -y f

¢S

FOOTNOTES: For Clinoptilolite Abundance, % is weight %. Uncertainty is valid within two standard deviations.

ND = Not Detected. Blanks are intended. Lithostratigraphy is the Buesch et al. (1996) nomenclature.

PARAMETERS AND TBV STATUS: CLINOPTILOLITE ABUNDANCE (tbv: Y)

***************************************************************************

ROW# Q CLINOPTILOLITE LOCATION SAMPLE NUMBER DEPTH (m) LITHOSTRATIGRAPHY UNCERTAINTY +/-

ABUNDANCE %
LR R R R R R R L R R L e B X R gnprpngngngngegepngng

1 Y ND USW SD-6 2860pl 122.9 Tpcplnc

2 Y ND USW SD-6 2861pl 126.3 Tpcplnc

3 Y ND USW SD-6 2862pl 127.3 Tpcpvl-2

4 Y ND USW SD-6 2863pl 128.2 Tpopvl-2 foZ
5 Y ND _ USW SD-6 2864pl 130.1 Tpcpvl-2

6 Y ND USW SD-6 2865p1 131.1 Tpepvl-2 ‘ 37;472§
7 Y ND USW SD-6 2866pl 131.9 Tpcpvl-2

8 Y ND USW SD-6 2867pl 132.9 Tpcpvl-2

9 Y ND USW SD-6 2868pl . 134.5 Tpcpvl-2

10 Y ND USW SD-6 2869pl 135.5 Tpbt4

11 Y ND USW SD-6 2870pl 141.5 Tpy

12 Y ND USW SD-6 2975p1 442.1 Tptpln

13 Y 3 USW SD-6 2976pl 443.8 Tptpv3 1
14 Y ©ND USW SD-6 2977pl 449.1 Tptpv3

15 Y WD USW SD-6 2978pl 450.3 Tptpv3

16 Y ND USW SD-6 2479pl 451 Tptpv3

17 Y ND USW SD-6 2980p1 . 451.9 Tptpv3

18 Y ND USW SD-6 2981pl 453.2 Tptpv3

19 Y ND USW SD-6 2982p1 454.2 Tptpv3

20 Y ND USW SD-6 2983pl 455.1 Tptpv3

21 Y ND USW SD-6 2984pl 456.2 Tptpv2

22 Y ND USW SD-6 2985pl 457 .3 Tptpv2

23 Y ND USW SD-6 2986pl 458.2 Tptpv2

24 Y ND USW SD-6 2987pl 459.1 Tptpv2

25 Y ND USW SD-6 2988pl 460 Tptpv2

26 Y ND USW SD-6 2989p1 460.9 Tptpv2

27 Y ND USW SD-6 2990p1 462.4 Tptpvl

28 Y ND USW SD-6 2991p1 463.8 Tptpvl

29 Y ND USW SD-6 2992p1 464.8 Tptpvl

30 Y ND USW SD-6 2993pl 465.7 Tptpvl

31 Y ND USW SD-6 2994p1 471.4 Tptpvl

32 Y 4 USW SD-6 2995pl1 475.8 Tac 1
33 Y 6 USW SD-6 2996p2 476.5 Tac 1
34 Y 4 USW SD-6 2996pl 476.5 Tac 1
35 Y 2 USW SD-6 2997pl1 477 .6 Tac 1
36 Yy 1 USW SD-6 2998pl 478.7 Tac 1
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$99203_001 DATA REPORT
TABLE DESCRIPTION:

54

Wi

SD-b  Ditm

Quantitative X-Ray Diffraction (XRD) Results of Drill Core samples from USW §D-6, 02/19/1998 to 04/13/1999.

TDIF: 308227
OTN: LADV831321A099.001

MOOTNOTES: Percent s weight percent. -- = Not detected. Uncertainties are within two sigma. Trc. = <0.5 weight percent. Blanks are inteaded.

PARAMETERS AND TBV STATUS:
SMECTITE ABUNDANCE (tbv: Y
CLINOPTILOLITE ABUNDANCE (tbv: ¥)
TRIDYMLTE ABUNDANCE (tbv: Y)

OPAL-CT ABUNDANCE (tbv: Y)
QUARTZ ABUNDANCE (tbv: Y)
FELDSPAR ABUNDANCE
GLASS ABUNDANCE (tbv: Y)
HEMATITE ABUNDANCE (tbv: Y)
MICA GROUP ABUNDANCE (tbv: Y}
HORNBLENDE ABUNDANCE (tbv: Y}

CATCTTE ABUNDANCE

(tbv: ¥)

feis?  Q  LOCATION
GLASS ABUNDANCE GLASS UNCEI

DEPTH INTERVAL

RTAIN HEMATITE ABUNDA HEMATITE UNCERT MICA GROUP ABUN MICA UNCERTAINT HORI
it NCE A

SPC_NUMBER

SAMPLE NUMBER

TY NCE AINTY DANCE
/- + +/- s
1 Y USW SD-6 379.0-379.7 SPCO1006456 3247p1
Trc. --
2 Y USW SD-6 407.8-408.3 SPCO1006485 3341p1
3 Y USW SD-6 416.9-417.6 $PC01006497 3248pl
Tre. -~
4 Y USW SD-6 427.1-427.8 SPCD1006508" @ 3342pl
Tre. --
5 Y USW SD-6 433.2-433.7 = SPC0100651% 3250p1
6 Y USW SD-6 444.6-445.3 SPC01006529 3343pl
Tre, .-
7 Y USW SD-6 457.7-458.2 SPC01006541 3251pl
100 -~ -
Y USW SD-6 486.7-487.3 SPC01006566 3252p1
TrC.
y Y USW SD-6 496.4-497.0 SPCO1006578 3344p1
1
10 Y USW SD-6 520.5-521.1 SPC01006594 3253pl
1 1 -
1 Y USW SD-6 $30.3-531.1 SPCD1006604 3345p1
1 1
12 Y USW SD-6 547.0-547.8 SPC01006625 3254pl
1
13 Y USW SD-6 1420.1-1420.8  SPCO1009307 3255p1
Trc. rc.
14 Y USW SD-6 1428.0-1428.9 SPCOL009317 3346pl
Tre. TIC.
15 ¥ USW SD-6 1432.4-1433.0  SPCO1009323 3256p1
Tre. TC.
16 Y UsW 5D-6 1439.0-1439.7 §PC01009333 3257p1
Tre. Trc.
17 Y USW SD-6 1445.1-1445.7 $8C01009341 3258p1
Trc. Tre.
18 Y USW SD-6 1450.7-1451.4 SPCQL009351 3259p1
Trc. TrC.
19 Y USW $D-6 1470.6-1471.4 SPC01009358 3260p1
1 -- I,
20 Y USW SD-6 1477.4-1478.2 SPC01009368 3347p1
3 == TIC.
22 Y USW SD-6 1482.9-1483.5  SPC01009378 3261pl
2 -- TC.
22 Y USW SD-6 1487.4-1488.3 SPC01009386 3348pl
2 - Trc.
23 Y USW SD-6 1493.9-1494.7  SPC01009396 3262pl
.- TrC.
24 Y USW SD-6 1502.6-1503.3  SPC01009408 3349p1
-= TIC.
25 Y USW SD-6 1508.7-1509.2  SPC01009417 3263pl
-- Trc.
26 Y USW SD-6 1521.8-1522.4 SPC01009430 3264pl
-- TC.
27 Y USW SD-6 1546.8-1547.5 5PC01009445 3265p1
-- TIC.
20 Y USW SD-6 1561.1-1561.7  SPC01009450 3350p1
23 Y USW SD-6 1567.0-1567.8  SPCO1009460 3266p1
3 Trc. --
30 Y USW SD-6 1574.2-1574.8  SPCOL009469 3351pl
Tre. T,
31 Y USW SD-6 1584.7-1585.4 SPC01009479 3267p1
Tre. Trc.
32 Y USW SD-6 1629.5-1630.2 SPC01009495 3268pl
33 Y USW SD-6 1711.2-1712.0  SPC01009499 3269p1
1 2
34 Y USW SD-6 1714.3-1715.0 §PC01009503 3352p1
Trc.
35 Y USW SD-6 1726.9-1727.8  SPCO1009511 3270p1
Tre. Trc.
36 Y USW SD-6 1738.3-1739.0 SPC01009520 3353p1
Trc. Trc.
37 Y USW 5D-6 1744.1-1744.7 SPC01005527 3271p1
1 Trc.
38 Y USW SD-6 1750.2-1750.8  SPCO1009536 3354p1
1 Trc.
39 Y USW SD-6 1756.4-1757.1 SPCO1009545 3272pl
1 TrC.
40 Y USW SD-6 1763.2-1763.9  SPC01009553 3355pl1
2 Trc.
41 Y USW SD-6 1768.6-1769.3 SPC01009561 3356p1
1 TC.
42 Y USW SD-6 1774.9-1775.8 SPC01009571 3357p1
1
43 Y USW SD-6 1781.0-1781.9  §PC01009579 3358pl
1 Tre.
44 Y USW SD-6 1788.7-1789.4 SPC01009587 3359p1
TIC.
45 Y USW 5D-6 1799.8-1800.6  SPCO1009596 3360p1
1
46 Y USW 5D-6 1808.2-1809.1 SPCOL009604 3361p1
TrC.
47 Y USW SD-6 1821.2-1821.9  SPCO1009635 3362p1
Trc.
4 Y USW SD-6 1827.1-1827.7 5PC01009646 3363p2
Trc. TIC.
49 Y USW SD-6 1836.0-1836.7 SPC01009656 3364p1
Tre. TTC.
50 Y USW SD-6 1849.5-1850.3 SPC01009668 3365pl
- rc.
51 Y USW SD-6 1856.4-1857.1  SPC01009677 3366pl
-- Trc.
52 Y USW SD-6 1865.0-1865.7  SPC01009687 3367pl
- Trc.
53 Y USW SD-6 1876.0-1876.8  SPCO1009707 3368pl
Tre.
54 Y USW SD-6 1882.2-1882.9 §PCO1009715 3369pl
-- rc.
55 Y USW SD-6 2123.3-2124.0  SPCO1009376 3370p1
1
56 Y USW SD-6 2129.8-2130.5 SPC01009956 3371pl
1 1 2
57 Y USW SD-6 2139.7-2140.3 SPC01009969 3372p1
1 1 1

SMECTITE ABUNDA SHECTITE UNCERT CLINOPTILOLITE CLINOPTILOLITE TRIDYMITE ABUND TRIDYMITE UNCER
NBLENDE ABUN HORNBLENDE UNCE CALCITE ABUNDAN CALCITE UNCERTA
ABONDANCE UNCERTAINTY CE INTY
DANCE RTAINTY CE TNTY
3. s /- /-
/- /- 3 /-
8 2 -- --
Tre -
.26 . 8 -- -
Tre. - e . .
14 4 - -- hilied
5 2 -- -
Tre -- --
1 1 -- --
1 - .
14 4 -- -
1 . .
Tre. -- 27 3
- -- 11 1
1 - 1 1
- -- 6 1
1 . .
-- -- 2 1
-- 2 1
Tre. -- --
2 1 -~ --
-- 1 1
4 1 -- --
Tre. 16 1 --
1 1 Tre -
Trc. 2 1 --
Trc. - --
14 4 2 1 -
1 1 1 3 1
17 5 3 1 --
1 1 1 1 1
3 1 -- --
- 4 1
Tre -- --
Trc == 4 1
1 1 -- 4 1
2 1 -- 8 1
2 1 -- 8 1
1 1 -- [ 1
1 . .
1 1 - 11 1
2 1 - 9 1
2 1 - 9 1
1 . .
2 1 - 11 1
2 1 - 10 1
1 . .
2 1 - 9 1
2 1 - 7 1
2 1 -- 4 1
1 1 -- 3 1
2 1 -- 3 1
2 1 - 2 1
3 1 -- --
-- -- 3 1
1 . .
1 - -
-~ -- 2 1
1 .

CRISTOBALITE AB CRISTOBALITE UN

UNDANCE CERTAINTY
3 +/-‘
34 2 .
36 2
14 1
3 1
Tre.

32 6
13 1
12 3
26 2
16 1
19 1
18 1
18 1
12 1
2 1
3 1
1 1
1 2
15 1
13 1
13 1
10 1
5 2
5 2
3 1
3 1
2 1
2 1
7 3
7 3
8 3
10 1
12 1
16 1
21 2
26 2
34 2
10 1 ‘
6 2

St

"OPAL-CT ABUNDAN OPAL-CT UNCERTA QUABUBDANC QUARTZ UNCERTAI

FELDSPAR ABUNDA ' FELDSPAR URCERT

CE INTY E NTY NCE AINTY
[} 4/ [ 4/ 3 4/
-~ 3 1 61 9
- -- 58 8
-- -- 24 3
-- 1 1 9 1
-- Tre 5 1
3 1 13 1 9 1
-- Tre .-
.- Tre 15 2
-- Tre 23 3
-- 4 1 31 4
-- - 69 10
-- -- 79 1
.- S14 1 LY 8
-- 26 2 57 8
-- 23 2 55 [}
-- 24 2 57 ]
.- 23 2 56 8
.- 29 2 55 8
3 1 1 1 4 1
10 2 1 1 7 1
10 2 1 1 7 1
7 2 1 1 5 1
17 4 1 1 10 1
13 3 1 1 ] 1
14 4 1 1 11 2
4 1 1 1 6 1
1 1 Tre 2 1
5 2 3 2 47 7
8 2 4 1 19 3
3 1 4 1 14 2
3 1 2 1 7 i
3 1 3 1 8 1
-- 4 1 24 3
-~ 7 1 33 5
- 3 1 16 2
-- 4 1 13 2
-- 2 2 56 [
.- 20 2 58 )
-- 17 1 59 L]
- 19 1 59 8
-- 26 2 60 8
- 25 2 60 8
.- 27 2 61 9
-- 27 2 61 9
- 29 2 €0 8
-- 26 2 59 8
-- 23 2 62 9
-- 21 2 58 8
- 20 2 60 8
.- 23 2 61 9
-- 20 2 63 ]
.- 18 1 62 9
.- 12 1 64 9
-- ] 1 61 9
.- 5 1 52 7
-- 30 2 56 8
29 2 58 8
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598430_001 DATA REPORT

TABLE DESCRIPTION:
Lithostratigraphy data of unsaturated zone llthostratlgraphlc contacts from borehole USW SD- 6, 07/18/1998 to 08/18/1998.

DIN: SNP400§0298001.001 UTH™ ("‘) 51¥59a 4 o3, S (‘ﬁvm bom[:cle lzs. ‘*pJ) w 7{(‘( a9

FOOTNOTES: In USW 8D-6, the Tcpm is not well developed. The density log indicates the rocks are in the upper part of the partially welded subzone
to lower part of the moderately welded subzone and crystallized. The Tcpm unit could be modeled as absent in this location if unit density and
calculated porosity are the dominant modeling parameters. In USW SD-6, the vitric-zeolitic boundary occurs within the crystallized part of the
Prow Pass Tuff; therefore, no value was identified. In the Contact Depth column, the abbreviation no-temp td indicates the unit was not penetrated
because of temporary total depth of borehole in superjacent unit. Blanks are intended. Attributal Lithostratigraphy is the Buesch et al. (1996)
nomenclature.

PARAMETERS AND TBV STATUS: LITHOSTRATIGRAPHY (tbv: )

hkkkkhkkhkkkhkkhhhhhhhkhhkhhhkhhhhhdhdkhhhkhhhhhkhkhkhhkhhkhkhkhhkkxhhkhkhkhhkhkhkhhhhkhkk

ROW# Q LITHOSTRATIGRAPHY LOCATION LITHOSTRATIGRAPHY CONTACT DEPTH (ft)
B T Ty

1 Y Not described USW SD-6 ND 0.0

2 Y alluvium USW SD-6 Qa 0.0

3 Y Rainier Mesa Tuff, includes pre-Rainier Mesa Tuff bedded tuff USW SD-6 Tmr 0.0

4 Y rhyolite of Comb Peak USW SD-6 Tpk 0.0

5 Y Tiva Canyon Tuff (Tpc) nondivided USW SD-6 Tpc_un 0.0

3 Y Tpc, crystal-poor vitric densely welded subzone USW SD-6 Tpcpv3 414.6
7 Y Tpc, crystal-poor vitric moderately welded subzone USW SD-6 Tpcpv2 414.6
8 Y Tpc, crystal-poor vitric nonwelded to partially welded subzones USW SD-6 Tpcpvl 423%.0
9 Y pre-Tiva Canyon Tuff bedded tuff USW SD-6 Tpbt4d 442.4
10 Y Yucca Mountain Tuff nondivided USW SD-6 Tpy 445.0
11 Y pre-Yucca Mountain Tuff bedded tuff USW SD-6 Tpbt3 466.4
12 Y Pah Canyon Tuff nondivided USW SD-6 Tpp 480.0
13 Y pre-Pah Canyon Tuff bedded tuff USW SD-6 Tpbt2 488.8
14 Y Topopah Spring Tuff (Tpt) crystal-rich vitric nonwelded to partially welded zones USW SD-6 Tptrv3 . 517.4
15 Y Tpt, crystal-rich vitric moderately welded zone USW- SD-6 Tptrv2 520.7
16 Y Tpt, crystal-rich vitric densely welded zone USW SD-6 Tptrvl 525.7
17 Y Tpt, crystal-rich nonlithophysal zone USW SD-6 Tptrn 527.4
18 Y Tpt, crystal-rich lithophysal zone USW SD-6 Tptrl 632.0
19 Y Tpt, lithic-rich zone USW SD-6 Tptf 645.7
20 Y Tpt, crystal-poor upper lithophysal zone USW SD-6 Tptpul 645.7
21 Y Tpt, crystal-poor middle nonlithophysal zone USW SD-6 Tptpmn 853.0
22 Y Tpt, crystal-poor lower lithophysal zone USW SD-6 Tptpll 995.0
23 Y . Ppt, crystal-poor lower nonlithophysal zone R USW SD-6 Tptpln . 1305.0
24 Y Tpt, crystal-poor vitric densely welded subzone USW SD-6 Tptpv3 1456.0
25 Y Tpt, crystal-poor vitric moderately welded subzone USW SD-6 Tptpv2 1503.0
26 Y Tpt, crystal-poor vitric nonwelded to partially welded subzones USW SD-6 Tptpvl 1520.0
27 Y pre-Topopah Spring Tuff bedded tuff USW SD-6 Tpbtl 1552.0
28 Y Calico Hills Formation undifferentiated USW SD-6 Tac 1561.0
29 Y pre-Calico Hills Formation bedded tuff USW SD-6 Tacbt 1664.0
30 Y Prow Pass Tuff (Tcp) upper vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tcpuv 1715.0
31 Y Tcp, upper crystallized nonwelded to partially welded zones USW SD-6 Tcpuc 1739.9
32 Y Tcp, crystallized moderately to densely welded zones USW SD-6 Tcpm 1872.0 °
33 Y Tcp, lower crystallized nonwelded to partially welded zones USW SD-6 Teple 1885.0
34 Y Tcp, lower vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tcplv 1908.0
35 Y pre-Prow Pass Tuff bedded tuff USW SD-6 Tepbt 2081.0
36 Y Bullfrog Tuff (Tcb) upper vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tcbuv 2103.0
37 Y Tcb, upper crystallized nonwelded to partially welded zones USW SD-6 Tcbuc 2122.4
38 Y Tcb, crystallized moderately to densely welded zones USW SD-6 Tcbm 2217.0
39 Y Tcb, lower crystallized nonwelded to partially welded zones USW SD-6 Tcblc 2477.0
40 Y Tcb, lower vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tcblv 2506.0
41 Y pre-Bullfrog Tuff bedded tuff USW SD-6 Tcbbt np-temp td
42 Y Tram Tuff (Tct) upper vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tctuv

43 Y Tct, upper crystallized nonwelded to partially welded zones USW SD-6 Tctuc

44 Y Tct, crystallized moderately to densely welded zones USW SD-6 Totm

45 Y Tct, lower crystallized nonwelded to partially welded zones USW SD-6 Tetlc

46 Y Tct, lower vitric(zeolitic) nonwelded to partially welded zones USW SD-6 Tetlv

47 Y pre-Tram Tuff bedded tuff USW SD-6 Tctbt

48 Y Ilower Tertiary units undlfferentlated USW SD-6 Tund

49 Y Palezoic and older units USW SD-6 Pz

50 Y Vitric-Zeolitc boundary (noncrystalllzed rocks, pervasively vitric versus zeolitic) USW SD-6 vV-Z
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of the repository footprint. Solid circles mark the boreholes included
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in the interpolation whereas solid squares mark boreholes not included.

Figure 2. Interpolation of vitric horizon thickness in the unsaturated zone from 9 boreholes

in the vicinit
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oo User Documentation Modification for UZFT Thicknesses for 10 Subareas in TPA 4.0 — S
(RFedors, saved as file: G:\mohanty\d.0\uzftchanges-section4.1.wpd ,ﬂqw ' References o
Lsm—— . . . st . . ’ [ . ! . -
(adgil tczlsgctl(zr.l. 4.6.3.1 lafte; exiitlng ld pz/l;agraph, replace existing table 4-5 with the one below) ~— Civilian Radioactive Waste Management System Management and Operating Contractor. 1999. :
— gi) e o ent lfsfza;i ea;eto E(F’P/fge; CZ; bi changed 0 TPA 4.0 N Integrated Site Model Progress Model Report. TDR-NBS-GS-000002, Rev 00. Las —
B . : i S Vegas, NV: Civilian Radioactive Waste M i S
o (note also that modifications by RT folks [Dave Turner], if any, need to be incorporated) ngglilrsa ctor tvilian Radioactive Waste Management System Management and Operating
! (note also that Winterle dealt with the tpa.input hydrologic parameters changes for UZFT) " '
p—— T . . —
| : le, J.R., R.W. Fedors, D.L. Hughson, and S.A. : .
s 'The thicknesses hydrostratigraphic layers (table 4-5) used in the UZFT module are derived from ~——uJ Wmter; © hor:; LS ughson, and 5.A. Stothoff. 1999a. Update of Hydrologic N
' the Geologic Framework Model 3.1 (CRWMS M&O, 1999 [Integrated Site Model Process arazetertv % 0{1}2 eC otal-System Performance Assessment Code. CNWRA Letter Report.
;Wmm Model Report]) by aggregating thicknesses of thermal-mechanical stratigraphic layers of similar ‘“—\M San Antonio, TX: Center for Nuclear Waste Regulatory Analyses. ‘ T
oo hydrologic properties. The thicknesses are taken from a representative location (i.e., center) in D s . . B
-~ each subarea. Conversions are made from the UTM NAD27 (m) projection used for the subarea —— Wlntcrlgzifé‘}ljé:\;; l;]i(i(a),r; ?ML ?;;%22(;?.’ z;nld S'AStOthOff' 1t999b}eRevze';v of tftzeyUnsaturated S—
beee.outlines in TPA 4.0 to the State Plane NAD27 (ft) projection used by the Geologic Framework . - Mountain. CNWRA I;e tlt)p Renort zSa : Xy ¢ Ss.ess,?;? Cof ‘tz ;p 0‘; orly “ v;t Cia .
| Model 3.1. Calico Hills nonwelded vitric and nonwelded zeolitic thicknesses are estimated from ‘ Reoulat ) Anal et ieport. >an Antonto, 1.4 L-enter tor Ruclear Waste
~ the interpolation of thicknesses from borehole interpretations that consider zeolite percent and | cgulatoty Analyses. T
=" degree of welding (Winterle et al., 1999a,b [a = Review of the Unsaturated Zone Models Used to —p— e
boime SUpport the Viability Assessment of a Repository at Yucca Mountain; b = Update of Hydrologic ——norn . f needed: e
Parameters for the Total-System Performance Assessment Code]). The upper and lower - ;Vpete f ' JR.. N.M. Col WA T dD. Hueh 2000. Revi p bili
boundaries of UZ transport are the drift elevations and the water table. The EDA 1I drift design fnter Z,’ oo O'b © er;an, h 'Y manjlan ) ;g son. - Review of Permeability
" (Oct 1999, preliminary) shows that the drift is horizontal in the east-west direction but slopes T . AstzmqtesTX.tgne J rfoml\tI € 1 ucca Mouniain Project. CNWRA Letter Report. San
- downward to the north 75 at this slope is incorporated in the estimation of the thicknesses of the ——p— ntonio, TX: Center for Nuclear Waste Regulatory Analyses. e
o - 'Topopah Springs welded layer. Based on borehole data, the water table elevation varies across =~ ——4 f/? }h( 4 S
i  the drift footprint by at least 45 m. The southeasterly slope of the water table is taken into :
account in the determination of the bottom layer thicknesses. -
— 2 F prjoy —t— —
te—  Table 4.5 Stratigraphic thicknesses (m) for each of the ten repository subareas
2
; Subareas| 1 2 3 4 5| 6 7 8 9 10
W Topopah Springs, 100 | 161 | 79 | 144 | 58 85 | 138 | 163 | 91 | 138
: welded ’
j Calico Hills, vitric 19 2 24 17 31 37 | 44 0 10 0
Mm Calico Hills, zeolitic 72 | 108 | 55 88 49 58 63 | 120 | 128 | 137 - /
—=— [[Prow Pass, welded 50 | 50 | 52 | 56 |65 |66 | 66 | 25|28 | 0f -
i Upper Crater Flat 57 18 | 68 | 61 71 81 67 0 9 0 /
mem Bullfrog, welded 22 0 81 0 101 | 51 0 0 0 0 8 /
| __{ToTAL 320| 339( 359 366 375| 379| 377| 308| 267 275 ___ /
—— i /
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PTn Modeling — Modeling & Constitutive Relations for Goodluck 4/28/00

y/ 'v(/ o

All work was done on bubo (Ntbox) using Excel 97 SR-2, WordPerfect 8.0.

Goodluck has been modeling a site-scale UZ 2D cross-section (east-west) for the past year. I have been helping him
develop the section from EarthVision and GFM 3.1 and determine the hydrologic parameters to use in the model.
More recently I have been helping him evaluate the simulation results and modify matrix properties associated with
small faults and slumps in the PTn deformation. The latter effort was done in connection with possible fast pathways
through the PTn and was precipitated by my discussions of Cl-36 data.

Modifying the matrix properties of the PTn to reflect grain crushing and/or re-organization in finite volume cells
representing matrix adjacent to faults should result in a focusing of flow through the matrix. This is expected because
the capillary effect of a finer-grained material, and the greater effective permeability of the fault associated matrix
block. See the figures below (from J:\HydroProperties\PtnFault\barriers.xls, the vanGen spreadsheet).

Also note in the figure this page that the modified PTn (modified to reflect grain crushing and/or grain re-
organization) has a much larger effective conductivity at tensions reflective of YM (~1 bar = 100 kPa). The
permeability was decreased by 1 order of magnitude and the van Genuchten o was increased to 1E-5 Pa’ as
compared to the table listing for PTn on the following page (76). The effective permeability is almost 3 orders of
magnitude larger for the modified PTn. This is where flow in Goodluck’s model is getting through the PTn. His
modifications of the fracture continuum hydrologic properties are expected to have little effect on flow enhancement
through the PTn.

Matrix

1E-12 ] : ]

SO SE—

l —— TCw
—&—PTn
TSw
| PTn-Modified

1.E-14

1.E-16

1.E-18

1.E-20

Effective Permeability (m2)
in
N

1.E-24

1.E-26

| i \\ " q X
1.E-28 | — - \

1.E+02 1.E+03 1.E+04 1.E+05 1.E+06

Pressure (Pa)

1.E+07 1.E+08
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Base Case UZ Sit-Scale Parameter Values (Tech Basis, B00000000-01717-4301-00002 Rev Oi, 1998)
Matrix Values .

tcwi2 ptn21 tsw31 ptn21-mod
TCw PTn TSw
0.13 0.1 1.00E-05 0.1 residual saturation (W
0.066 0.369 0.042 0.369 saturated water content L{( 1)4 )
1.32E-06  3.80E-05 1.00E-05  1.00E-05 alpha (Pa-1) —>
1.3089 1.3004 1.3106 1.3004 beta, METRA m
0.236 0.231 0.237 0.231 gamma, METRA A
5.37E-18  3.90E-14 4.90E-17  3.90E-15 k (m2)

For constitutive relations used in spreadsheet, see van Genuchten (1980) A Closed-Form Equation for Predicting the
Hydraulic Conductivity of Unsaturated Soils, Soil Science Society of America Journal, vol 44, p 892-898.

Also, there were disagreements about lateral flow at the top of the PTn and at the bottom of the PTn. I thought there
was too much lateral flow in and at the top of the PTn in the model results as compared with field observations where
no evidence has been found for lateral flow, except at the locally welded horizons within the middle of the PTn. Scott
Painter indicated that these were classic capillary barriers at both locations; he’s right if you consider TCw matrix
flow into PTn matrix, and also PTn matrix into TSw fractures. Note that flow is dominantly fracture flow in the TCw
and TSw and dominantly matrix flow in the PTn. However, conceptually, TCw fracture flow to PTn matrix flow is a
permeability barrier. And PTn matrix to TSw fracture flow is conceptually a capillary barrier. However, Multiflo
does not have connections between the fracture continuum and the overlying matrix continuam. Flow in Goodluck’s
steady state model must go from the PTn matrix to the TSw matrix and then into the TSw fractures. Hence, the
matrix interaction term in the TSw horizon is dictating the “capillary barrier.” The finer pores of the TSw would
over-emphasize the capillary barrier into the fracture continuum as compared to the coarser pores of the PTn. There
is also some question of whether Multiflo can actually model a capillary barrier using the matrix/fracture interaction
formulation. Discussions of capillary barriers will be left out of Goodluck’s report.

Also note in the figure on page 75 that the modified PTn (modified to reflect grain crushing and/or grain re-
organization) has a much larger effective conductivity at tensions reflective of YM (~1 bar = 100 kPa). The effective
permeability is almost 3 orders of magnitude larger for the modified PTn. This is where flow in Goodluck’s model is
getting through the PTn. His modifications of the fracture continuum hydrologic properties are expected to have little
effect on flow enhancement through the PTn.

The following was given to Goodluck for his TEF report:
ILD  Hydrologic Properties of a Generic Minor Fault

Given the hydraulic properties of the TCw, PTn, and TSw, lateral flow along the bedding planes would be expected
to occur. The evidence, however, suggests that the lateral downslope flow of water associated with the shallow
sloping nonwelded beds is limited to tens of meters before vertical breakthrough (CRWMS M&O, 1997). No perched
water has been found, nor has any evidence of springs been found at exposed PTn bedding contacts. Numerous
hypotheses have been suggested for the lack of significant lateral flow and ponding. Flow through fractures in the
PTh does not appear to explain this evidence because matrix sorption of water flowing in fractures is strong in the
PThn based on estimated hydraulic properties of the matrix and fractures (Flint et al., 1996). Flow vertically through
faults likely occurs but this does not explain the lack of continuity of lateral flow since mapped faults are widely
spaced (100s to 1000s of meters) in the YM block. Laterally, the PTn is a relatively uniform pyroclastic series of
deposits with some local evidence of slight reworking (Moyer et al. 1996). Primary lateral variations in the uniform
tuffs generally change over large distances and thus also cannot explain the lack of continuity of lateral flow.

Secondary features, such as an overprint of deformation caused by fracturing or small-scale faulting, offer a possible
explanation for the periodicity of breakthrough of flow through the PTn. The hypothesis presented here is that small
faults, potentially spaced on the order of tens of meters or less, may induce local changes in matrix properties that
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induce vertical flow. Small faults are not generally mapped and many times are not readily visible at a macroscopic

e
To model the effect of a small fault crossing the PTn, the hydtologic parameters of permeability, van Genuchten «
and 1, and porosity are needed. Based on sensitivity analyses, the most important are the permeability and the van

Genuchten ¢ parameters. To bound estimates for these parameters adjacent to small faults, published work on
measurements in poorly-lithified sediments will be used.

- gcale in cores or poorly exposed area.

Changes to Bedrock Properties in Fault Zones

There is generally a narrow fault core or gouge and a broad damage zone surrounding faults. The type of deformation
in the damage zone and the fault core vary with burial depth and rock type. The structure of faults in crystalline have
been discussed in special publications (McCaffrey et al., 1999; Jones et al., 1998) and by Caine and Forster (1999)
and Evans et al. (1997). Heynekamp et al. (1999) and Fisher and Knipe (1999) discussed the features of fault zones in
lithified and poorly-lithified sediments. The focus here will be on poorly-lithified sediments cut by faults since they
more clearly reflect the behavior expected for the nonwelded tuffs at YM. The change in hydrologic properties near
fractures or small faults in the nonwelded tuffs at YM have not been directly studied.

Five types of mechanisms for grain size reduction were noted by Fisher and Knipe (1999): (i) deformation induced
mixing of clays with framework grains, (ii) pressure solution, (iii) cataclasis, (iv) clay smear, and (v) cementation. As
an analog for small-scale faults cutting the nonwelded pyroclastic tuffs at YM, textural changes to poorly-lithified
sediments in damage zones surrounding faults and in the cores of faults is likely limited to grain-size reduction,
repacking, and reorientation . These changes will lead to reductions in porosity, permeability, and van Genuchten a
parameter; the latter parameter is negatively correlated with the air-entry pressure, There is no evidence for '
cementation or pressure solution modifications except possibly at the major fault zones (Moyer et al., 1996).

The permeability reductions caused by oriented slip surfaces or grain size reduction both lead to permeability
reductions perpendicular to the fault slip plane. Fot saturated flow, this reduction may lead to the fault becoming a
barrier to flow. In the unsaturated zone, the flow behavior is more complex. The grain size reduction may lead to a
higher conductance because the finer pore size may lead to higher effective permeability at low unsaturated flux
rates. At higher unsaturated flux rates, the grain size reduction may lead to a permeability barrier. For the sloping
YM nonwelded tuffs, the permeability barrier created by the grain size reduction in a damage zone would cause
water flowing laterally along bedding planes to flow vertically. The discontinuous slip surfaces oriented parallel to
the fault plane may lead to permeability anisotropy, though the slip surfaces may otherwise have little effect on
unsaturated flow.

Fisher and Knipe (1999) noted permeability reduction of 3 to 4 magnitudes for faults with discrete slip bands and
.reductions of non to 2 orders of magnitude for homogeneous faults. The abundance of clays in the fault zones can be
important. Heynekamp et al. (1999) emphasized the effect of the primary clay fraction on the reduction in the
interlayered sands and clay-bearing sediments. Layers with abundant clay may exhibit a repacking that can led to a
permeability reduction. Smearing of clay lenses can also lead to reductions in permeability.

In sandstones at Moab, Utah, Antonellini and Aydin (1994) measured large permeability and porosity reduction in
deformation bands, zones of deformation bands, and slip planes associated with faults. They noted that the intensity
of cataclasis and the clay content of the host rock control the magnitude of the permeability reduction. For
deformation bands, porosity reduction of one order of magnitude and permeability reductions of three orders of
magnitude relative to the host rock were measured (table 34).

At two sites in the Rio Grande Rift basin in New Mexico, Sigda et al. (1999) measured hydraulic properties in the
field and laboratory parallel and perpendicular to small faults (table 34). The small faults at one site contained no
fault core or gouge zone while the small faults at the other site did contain a narrow fault gouge. At both sites in the
study, the fault zone exhibited a wide range of permeability values while the undeformed areas exhibited a narrow ,
range. Sigda et al. (1999) noted the bi-modal distribution of measured permeabilities in the damaged or mixed zones.
They cor_ljectured that the low population was associated with areas with grain size reduction and the high-
Pefrqeabllity population was associated with pods of less deformed sediments. They also measured increases in clay
fraction and sharp decreases in macroporosity in the fault zones. :
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Table 34. Tabulated values of reductions in permeability and porosity in deformation zones of faults cutting poorly-
lithified sediments.

Permeability
Host Rock
0.6-5d

Permeability
Damage Zone
0.002 -0.01d

Porosity
Host Rock
0.17-0.22

Porosity Damage
Zone
0.01-0.05

Sandstone, Moab, UT '

Sandstone, Santa Ana * 3-46d 01.-7d 0.28 0.16 - Q.24

Sandstone, Elmendorf * 4-12d 02-84d 0.25 0.17

" Antonellini and Aydin (1995)
* Sigda et al. (1999)

An alternative approach for evaluating the effect of small faults on hydrologic properties is to postulate a change in
grain size distribution caused by the small fault and classify that change in terms of a grain sized-based soil
classification system. Hydrologic property values for members of the soil classification system are published by
Carsel and Parrish (1988). The advantage in this approach is that there would be consistency in the changes of
permeability and van Genuchten o, which are strongly correlated parameters for many soils and rocks. In sandstones
at Moab, Utah, Antonellini and Aydin (1994) measured pore-throat size reductions of at 1 order of magnitude using
image analysis. A reduction in pore size should lead to a decrease in both the permeability and the van Genuchten o
unsaturated zone parameter. It is difficult to estimate the magnitude of these changes although a shift in soil class
from loamy sand to clay loam might be comparable. The van Genuchten o, would decrease by 6 and the permeability
by 1.5 orders of magnitude from the loamy sand to the finer-grained clay loam based on typical parameter values
reported in Carsel and Parrish (1988) and listed in table 35. Sigda et al. (1999) measured reductions in macroporosity
and increases in microporsity, which are consistent with a shift in soil class from a loamy sand to clay loam.

Table 35. Unsaturated zone parameter values for 2 soil types reflecting possible differences caused by grain size
reduction in deformation zones of a fault

Ko (cm/hr)

van Gen. o (cm™) van Gen. A van Gen. m

Loamy Sand 14.6 0.124 0.56 2.28

Clay Loam 0.26 0.019 0.24 1.31

In summary, changes to matrix hydrologic properties caused by secondary feature such as a small fault have not been
measured at YM but may be bounded by values published for poorly-lithified sediments found elsewhere. The
unsaturated zone parameters have not been published, likely because fault properties are of high interest in the oil
industry and not for the near-surface unsaturated zone. The unsaturated zone parameter values used here are entirely
conjectural. The use of sandstones may lead to an underestimate because the PTn at YM contain abundant clays that
would lead to greater reductions in permeability.
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PTn Modeling - Water Contents & Constitutive Relations for Walter . 4/28/00

All work was done on bubo (Ntbox) using Excel 97 SR-2, WordPerfect 8.0, SigmaPlot 5.0.

The plan for Walter’s modeling of the PTn is to include heterogeneity of shallow infiltration input (both spatially and
temporally) and heterogeneity of PTn matrix properties. He is developing a 2D dual continuum model of the lower
TCw, the PTn, and the upper TSw at a fine scale (~3m grids). His first task is to incorporate the shallow infiltration
heterogeneity; later he will add matrix heterogenity that will include both primary heterogeneity and secondary -
modifications to the PTn (e.g, alteration, or Goodluck’s fault/slump associated changes).

Since Walter is doing a “representative” section, I generated a generalized saturation profile for him to calibrate to. I
used Lorrie Flint’s spreadsheet (generated for Flint, 1998, Characterization of Hydrogeologic Units Using Matrix
Properties, Yucca Mountain, Nevada, USGS Water-Resources Investigations Report 97-4243). The Flint data was
sorted and hydrostratigraphic unit values of saturation were obtained by arithematic averaging of all measured core

samples. The spreadsheet is
J :\HydroProperties\WaterContent\PtnModeling_ﬂintLori.xls generalized water contents from Flint data

J\HydroProperties\WaterContent \FlintGeneralized JNB SigmaPlot file
Generalized Section Generalized Scction
- ical Stratigraph
Thermal-mechanical Stratigraphy Thermal-mechanical Stratigraphy
Hydrostratigraphy QX{'
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0.198

0.148
0.114

0.137

0.107

0.088

0.070
0.110

0.278
0.388

0.467
0.320
0.424
0.499
0.504
0.464
0.306
0.062

0.126
0.150

0.164
0.163
0.171

0.152
0.156
0.147

0.109
0.139
0.112
0.107

v e

" PtnModeling_flintLori.xls
Thermal-Mechanical Stratigraphy

0.072
0.129
0.071
0.076

0.093
0.089

0.087

0.082

0.064

0.056
0.091

0.259
0.243

0.248
0.182
0.217
0.178
0.185
0.172
0.148
0.044

0.080
0.074

0.106
0.110
0.094

0.117
0.115
0.097

0.098
0.124
0.099
0.089

0.676
0.462
0.376
0.446

0.634
0.796

0.646
0.777
0.742

0.810
0.840

0.950
0.654

0.555
0.608
0.519
0.361
0.369
0.404
0.499
0.730

0.665
0.507

0.660
0.689
0.559

0.778
0.755
0.688

0.902
0.895
0.897
0.835

tcwll/tswl2
tewll/tswl2
tcwll/tswl2
tcwll/tsw12

tcwll/tswl2
tewl1l/tswl2

tewll/tswl2

tewl1l/tswl2

tewll/tswl2

tewll/tswl2

tewll/tswi2

tewl3
ptn21

ptn21
ptn22
ptn23
ptn24
ptn25
ptn25
tsw31

tsw31

tsw32
tsw32

tsw33
tsw33
tsw33

tsw33
tsw33
tsw33

tsw34
tsw34
tsw34
tsw34

Hydrostratigraphy

Porosity VWC  Saturation

0.120  0.079

o

0278  0.259
0.405 0244
0320  0.182
0424 0217
0499  0.178
0504  0.185
0464  0.172
0207  0.106
0.148  0.074
0.154  0.108
0.110  0.093

0.732

0.950
0.633

0.608

0.519

0.361

0.369

0.404

0.593

0.520

0.717

0.850

Flint 1998
Hydrostratigraphy
Porosity
CCR 0.112
CUC 0232
CuC
CcucC
CcucC
cucC
CUL = 0.137
CW - 0.082
Ccw
CwW
CMW  0.110
CNW  0.342
CNW
BT4  0.467
TPY  0.320
BT3  0.424
TPP  0.499
BT2 0.461
BT2
-BT2
TC 0.062
TR 0.148
TR :
TUL  0.155
TUL
TUL
TUL
TUL
TUL
TMN  0.110
TMN
TMN
TMN
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For comparison, I plotted the saturation profiles for boreholes SD-9 and SD-12 using the geophysical data files
obtained by Larry McKague for me from the DOE (Howard Rael [SAIC, 702-295-5756] was the contact/keeper of
the data for the M&O; the M&O released the data as preliminary, not QA’d yet). The data imported into an Excel 97
SR-2 spreadsheet, then imported into SigmaPlot for plotting. With the geophysical data files, “odsats™ and odpors”
were plotted (oven day methods as described in Flint, 1998). I also plotted the TDMS saturation data for SD-6. All of
these generally agree with the shape of the profiles.

SD-9
J\HydroProperties\WaterContent\Sd-9\sd9.JNB derived from:
D:\Zeolites\Geophys\Paasd9.txt, D:\Zeolites\Geophys\Excel4.0\sd9.xls, D:\Zeolites\Geophys\SigmaPlt\sd9.JNB

1300 L ) tewll
>
1230 ptn21
1200 ‘ ? ptn22
1260 -

ptn23
1100 ptn24
1240 |
7
Q ptn2S
1000 1 tsw3l
1220 - AN
9007 1200 -|
tsw32
200 1180
\ \ tsw33

1160 : Y :
000 025 050 075 100

ft

Elevation (m)

Elevation (m)

700 T T T 1
000 025 050 075 1.00

Saturation/Porosity
Saturation/Porosity

[T
\

\

T

-
I

]
1

l
l

|
E

1

SD-12

J\HydroProperties\WaterContent\Sd-12\sd12.JNB

derived from:

D:\Zeolites\Geophys\Paasd 12.txt, D:\Zeolites\Geophys\Excel4.0\sd12.xIs

Elevation (m)

1300

1200

1100

1000

900

800

700
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SD-12

=
8
X -
2 —
===

0.00

T T T
0.25 0.50 0.75 1.00

Porosity/Saturation

Elevation (m)

RN

1260

1240

1220

1200

SD-12

'\

T T
0.00 0.25 0.50 0.75

Porosity/Saturation

tewl3

ptn2t

ptmn23

ptn24

pin25
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tsw32
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- SD-6

Data on saturations was obtamed from Yucca Mtn Data Web page (TDMS):
[http://m-oext.ymp.gov/html/prod/db_tdp/sep/internet/default.htm]
Info on data retrieved from web site TDMS (technical data management system):

K e

Y

Data for SD-6 downloaded from YMP data web page (3/16/00) [DTN: GS980908312242.039};
dowloaded file name zz_sep_97642.txt

547592 Easting, UTM (m)
4077514 Northing, UTM (m)

4905.4 Elevation of collar (ft) from Sci Ntbk #273, p 53
Lithologic Contacts from YMP data web page downloaded 7/99 [DTN: SNF40060298001.001]

Saturations downloaded (file: zz_sep_97630.txt) from YMP data web page 3/17/99 [DTN:

GS980808312242.014]

Porosity downloaded (file: zz_sep_97629.txt from YMPdata web page 3/17/99 [DTN:

(GS5S980808312242.014]

NAD27?, data from borehole list D. Simms

Elevation (m)

1390

1380

1370

1360
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SD-6 Saturation
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Saturation

1390

SD-6 Porosity
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The central and southwest portions of the repository are underlain by nonwelded and nonalterd vitric tuffs according

de s

Effect of Thermal Pulse on Calico Hills Nonwelded, Nonaltéred Matrix Flow

RFedors Sci Ntbk #273,

Page 86
10/2/00

to the DOE model (UZ PMR and GFM/ISM 3.1). Based on Goodluck’s thermal pulse modeling and the DOE’s

thermal modeling on site-scale grids (Thermal Modeling PMR), the temperatures caused by the thermal pulse in the
Calico Hills (<100 m) are expected to exceed 75 deg C for an extended period of time. In the central and southwest
portions of the repository footprint, the CHn is not altered to zeolites. In the western portion of repository, the CHn is
easily within 100 m of the repository. R. Pabalan (CNWRA) believes that 75 deg C for decades to centuries is a high

enough temperature to get the kinetics moving along for the alteration of the nonwelded, vitric matrix to zeolites.

Two important ideas come to bear here: (i) matrix flow through the nonwelded matrix is the primary natural barrier
for transport in the UZ, and (ii) the LBNL UZ site-scale flow model uses ambient hydrologic properties instead of
properties that are expected to be relevant for the 10,000 year compliance period (the thermal pulse is expected to be
at full extent ~1000 to 2000 years after closure). Alteration of the nonwelded matrix means that more lateral flow and

fracture flow will occur. This alteration is expected to lead to more perching and lateral flow to fault or large

fractures.

My two initial objective are (i) to obtain nonwelded vitric samples for lab work with Pabalan (permeability as a

function of extent of alteration; also do some retention curves), and (ii) check GFM 3.1 to determine actual distances
between the repository and the nonwelded vitric layers.

The locations of the points are shown in
the figure to the right and are noted in
the printout of the spreadsheet on the
next scientific notebook page:

(file: thicknessSWrepsoitory.xls).

SD-6 information is from page 84 of this
scientific notebook. The contacts are
specifically from DTN:
SNF40060298001.001

The figure was created using the
ArcView 3.2 project file:

JA\AVData\Repository\thicknessSW.apr

The gird lines on the figure are spaced at
2,000 m increments (UTM NAD27
northing lines at 4,080,000 and
4,078,000 and 4,076,000 meters; and
easting lines at 547,000 and 549,000 m).

Points 2 & 3 were chosen because the
DOE EDA-II design data also included
elevations.

Thermal-
Mech. Units
46 Tiva_Rainier
45 Tpep
44 TpcLD
43 Tpcpv3
42 Tpcpv2
41 Tpepvl
40 Tpbt4
39 Yucca
38 Tpbt3_dc
37 Pah
36 Tpbt2
35 Tptrv3
34 Tptrv2
33 Tptrvl
32 Tptin
31 Tptrl
30 Tptpul
29 RHH(Tpcpul)
28 Tptpmn
27 Tptpll
26 Tptpln

25 Tptpv3
24 Tptpv2
23 Tptpvl
22 Tpbtl
21 Calico
20 Calicobt
19 Prowuv
18 Prowuc
17 Prowmd
16 Prowle
15 Prowlv
14 Prowbt
13 Bullfroguv
12 Bullfroguc
11 Bullfrogmd
10 Bullfroglc
9 Bullfroglv
8 Bullfrogbt
7 Tramuv
6 Tramuc
5 Trammd
4 Tramlc
3 Tramlv
2 Trambt
1 Tund

LBNL UZ
Model Units
tcwll
tewl2

tewl3
ptn21

ptn22
ptn23
ptn24
ptn25

tsw31

tsw32
tsw33

tsw34
tsw35
tsw36
tsw37
tsw38
tsw39
chl

ch2,345
cho6
pp4
pp3
pp2

ppl

bf3

bf2

tr3

tr2

Point 1

elev, ft

4464.53613
4461:69971
4458.31885
4456.79199
4350.86768
4330.36816
4179.23242
4110.41602
3980.20508
3665.77319
3573.31554

3527.0874
3466.70361
3451.52466
3425.07275
3418.44141
3310.11182
3256.52319
3229.43311
3108.04321
3090.82593
3070.62012
2932.32324
2908.98926
2878.77183
2803.46411

2595.1604
2538.30786
2384.08545
2359.19043
2261.24292
2188.62695
1920.82898
1901.38281
1619.57654
1607.08875

Distances between Repository and Nonwelded, Nonaltered Vitric Horizons
This file is bubo: J\HydroProperties\ThermalZeolthickness-SWrepository.xls
. Tops of Units are from EarthVision GFM3.1 model, faces file pluto:
/data2/models/gfm31/M09901MWDGFM31.000/GFM3_1_HiRes.unsliced.faces
Results stored in pluto: ~rfedors/ThermalZeol/* ; data from the annotation files is recorded below
SD-6 data from J:\\HydroProperties\WaterContent\Sd-6\contactElevSD6.txt

Point 2

elev, ft
4921.551758
4860.35791
4533.437012
4532.014648
4517.455566
4505.432129
4493.292969
4488.726562
4483.699219
4471.486816
4465.874023
4441.604492
4437.177734
4431.898438
4430.728027
4340.775879
4310.879395
4214.32666
4130.495605
3990.30127
3704.254883
3606.655599
3557.856689
3513.986084
3479.635986
3447.134277
3437.128174
3343.049805
3296.468262
3273.762451

'3140.036133

3099.95752
3073.243164
2895.21875
2876.608398
2855.862793
2791.794189
2530.564453
2479.047607
2377.424561
2356.045654
2267.040527
2177.313232
1843411133
1817.962524
1441.4646
1416.29834

Point 3
elev, ft
4789.72559
4769.21533

4452.68945
4435.80811
4423.76856
4410.05469

4406.74512

4393.0708
4388.75879
4364.79248
4361.13965
4356.96338
4356.08594
4272.55811
4259.51367
4181.26758
4103.07178
3953.05298

3729.8584
3633.54363
3585.38696
3491.14136
3455.43066
3408.42505
3398.62305

3338.2666
3286.74219
3263.43115
3136.74097

3083.6543
3062.32031
2856.81348
2845.25293
2832.53857
2741.55469
2483.32178
2435.39697
2363.31665

2338.53882 .

2263.02612
2153.27979
1768.87097
1736.87354
1283.53394
1245.42773

B Sl

RFedors Sci Ntbk #273,

Point 1
elev, m

1360.8
1359.9
1358.9
1358.4
1326.1
1319.9
1273.8
1252.9
1213.2
1117.3
1089.1
1075.1
1056.7
1052.0
1044.0
1041.9
1008.9
992.6
984.3
947.3
942.1
935.9
893.8
886.7
871.5
854.5
791.0
7731
726.7
719.1
689.2
667.1
585.5
579.5
493.6
489.8

[RFedors Sci Ntbk #273]

Point 2
elev, m
1500.1
1481.4
1381.8
13814
1376.9
1373.3
1369.6
1368.2
1366.6
1362.9
1361.2
1353.8
13525
1350.8
1350.5
1323.1
1314.0
1284.5
1259.0
1216.2
1129.1
1099.3
1084.4
1071.1
1060.6
1050.7
1047.6
1019.0
1004.8
997.8
957.1
9449
936.7
882.5
876.8
870.5
850.9
771.3
755.6
724.6
718.1
691.0
663.6
561.9
554.1

- 4394

431.7

Point 3
elev, m
1459.9
1453.7

1357.2
1352.0
1348.4
1344.2

1343.2
1339.0
1337.7
13304
13293
1328.0
1327.7
1302.3
1298.3
1274.5
1250.6
1204.9
1136.9
1107.5
1092.8
1064.1
1053.2
1038.9
1035.9
1017.5
1001.8
994.7
956.1
939.9
933.4
870.8
867.2
863.4
835.6
756.9
742.3
720.3
712.8
689.8
656.3
539.2
5294
391.2
379.6

SD-6
elev, m

1495.2

1368.8
1368.8
1364.4
1360.3
1359.5

1353
1348.9
1346.2
13375
1336.5
1334.9
1334.4
13025
1298.4

1235.2
1191.9

Page 87

SD-6
lith

Tpc_un

Tpcpv3
Tpcpv2
Tpepvl
Tpbt4
Tpy
prtgy
Tpp
Tpbt2

Tptrv3‘ )

Tptrv2
Tptrvl
Tptrn
Tptrl
Tptpul

Tptpmn
Tptpli

1097.4 Tptpln(2/3)
1066.7 Tptpln(1/3)

1051.4
1037.1
1031.9
1022.1
10194
988
972.4
964.8
924.6
920.6
913.6
860.9
854.2
848.3
8194
740.2
731.3

Tptpv3
Tptpv2
Tptpvl
Tpbtl
Tac
Tacbt
Tcpuv
Tepuc
Tepm
Teple
Teplv
Tepbt
Tcbuv
Tcbuc
Tcbm
Tcblc
Tcblv
Tcbbt
Tctuv
Tctuc
Tctm
Tctle
Tetlv
Tctbt
Tund
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The data for the contacts listed in the table\o‘r‘ﬁmlous page come from GFM3.1 using a .path file to extract a
cross-section from the faces file supplied by DOE. The faces file is:

/data2/models/gfm31/M0990 1IMWDGFM31.000/ GFM3_1_HiRes.unsliced.faces :
After creating the path files with the ~0.5 m cross-section traverse, the menu options used to create the annotation file
are : Visualization = Cross-Sections > from Faces File. The top of each lithologic layer are read from the polygon

information used to draw a cross-section in the annotation file.

Interpolations of elevations of the repository used EDA-II design (see page 61) were needed for Point 1 and for the
SD-6 borehole. The elevations used to interpolate from are noted on page 61 of this sci ntbk. Note that there is no
inclination east-west but there is a slope downward to the north. The control point to the north is the northing
769319.9 ft and the elevation of 1065; the control point to the south Point 2. Point 1 is 0.6645 (fraction) of the
distance between the 2 control points and SD-6 is 0.8127 of the distance. Hence, their elevations are the fraction
times the difference in elevations (36.18 ft) added to the lower elevation. Since the EDA-II design used State Plane
NAD27 (ft) coordinates, all coordinates had to be converted prior to doing the interpolation.

UTM NAD27 State Plane NAD27 (ft)

Easting, m|

Northing, m

Easting, m

Northing, m

Point 1

547370.9

4077904

557931.5

763573.3

Point 2

547510.7

4077020

558380.1

760671.4

Point 3

547648.7

4076168

558823.3

757872.9

SD-6

547592

4077514

558652.6

762290.9

The distance between the repository and the nonwelded/nonaltered horizons is calculated two ways. The distance
down to the contact tsw39/chl is the best one to use. The distance down to the massive CHn (ch1/ch2 contact) is also
calculated. The lowest sublayers of the Topopah Springs are a gradation of 3 units from densely welded to
completely nonwelded; hence the actual thicknesses are kind of arbitrary. Then there is a bedded tuff at the base of
the Topopah Springs. Whereas the contact with the massive CHn (ch1/ch2) is abrupt, the contact between the tsw39

and chl is gradational. The lowermost Topopah Springs nonwelded tuff sublayer, and the bedded tuff below it, both

readily alter to zeolites (propbably more readily than the massive layers), thus the argument for using the massive

Calico Hills at which to estimate temperatures in
zeolization during the thermal pulse.

the site-scale thermal model for use in the determination of potential

Distance to

Distance to

UTM NAD27

Repository

Top (m)

Top (m)

nonwelded

massive Calico

Easting, m|

Northing, m

Elev, m

Tpbtl, inchl

Calico (ch2)

(top chl), m|

(ch2), m|:

1089

1044.0

1041.9

37.0

47.1

Point 1| 5473709 4077904

54.6
74.6
75.0

41.6
57.3
62.5)"

1047.6
1035.9
10194

1050.7
1038.9
1022.1

1102.2
1110.5
1094.4

4077020
4076168
4077514

547510.7
547648.7|
547592

Point 2
Point 3
SD-6

I checked points along the western edge of the repository, southern half only (the nonwelded vitric layers are thought
to be more altered in the north than the south, but this is not true for the upper horizons of the Calico Hills). I also

" checked borehole SD-6; this is a control point since the other locations are interpolations. The distance between the
nonwelded, nonaltered vitric horizons and the repository varies from 47 m to 75 m with the variation corresponding
to the east-southeast trend of the repository outline in that area. Note that this is much less than the 100 m I roughly
approximated when I was checking the temperature distributions in Goodluck’s and the DOE’s thermal models.

Point 2 is recommended for use in creating a grid. Although Point 1 has the smallest distance between the repository
and the CHnv, one may want to avoid using it becasue it does not have any overlying PTn. There is only a small
portion of the repository without overlying PTn, hence Point 1 is not representative.

TN Y »[plov

f Qg ./bw(o

Tl}e question of the effect of the thermal pulse on the hydraulic properties of the CHnv layer below the repositor
arises for the heat load of the Viability Assessment design; the CHnv is as close as 40m below the repositgr in t>llle
south aqd central western portions and could readily alter to zeolites at temperatures down to 75 degrees C :ccordi
to Bobbie Pabz.ilan. The temperatures expected for the VA heat load were modeled as 100 degrees C down to the "
CHn. If alteration did occur, the remainder of the matrix flow below the repository would shift to fracture flow, th
increasing the magnitude of the early fracture flow component of radionuclide transport. e

RFedors Sci Ntbk #273, Page 89

ted Butte S
Busted Butte Samples 3/14/01

Last fall when I heard that the Phase II injection test block was going to be mined back (half meter by half meter
face_s), | requested that samples of the 3 horizons in the Busted Butte test sequence. The massive lower layer of the
test is cpnmdered by. DOE to be an analog of the CHnv below the repository. After some email and tele h)gne
discussions (Tom Rlcl$etts, Alan Mitchell) about the logistics and many delays in the onset of the minell))ack Iam
lo9s¢ly scheduled to visit the site during early May when there is a lull in the mineback (during the time of iANL
sc1ent'1ﬁc work on the newly exposed faces). I will use seran wrap to keep the samples from drying out and to kee;
them mta‘d (the lovaer layer becomes extremely friable when dry). The YMP crew will use a chain saw-type tool tp
C}“ out 6 inch to 8 inch chunks for us at the locations we mark. The location will be from the area markec}{% the sglid
circle in the figure be}ow. This is in approximately the northeast corner of the mineback and should be the IZast
contaminated by the injection lexir of the LANL tests. Nine different chunks were requested from the 3 different
layers (lower Topopah Springs, ash layer, and massive CHnv). The figure below came from Tom Ricketts and i
stored as J:\HydroProperties\ThermalZeo\BB_P2Mnbck_PInVw_2.ppt on the WinNT machine called bubo °

89

BUSTED BUTTE PHASE 2 POST-TEST MINEBACK PROGRAM PLAN VIEW
. 10m
Note: Minebackaccess ‘ 12m
drift is 10m long and 4m 3m
high. Last 5m of access i
drift and mineback test 2110 13 i1 16 MinebackAccess
area is 5m high. Drift 10m
6m 9 5.5m 5
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